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so thinking attributes atelectasis to either bronchial obstruction 
with ensuing absorption of air or to compression of the lungs by intra- 
pleural accumulations. However, clinicians for over one hundred years have 
recognized that certain instances of atelectasis result when neither of the fore- 
going causes is present. For example, Rommelaere,' as early as 1881, described 
atelectasis occurring during and after pneumonia. In certain of his eases, 
judging by the physical findings, the bronchi were patent. In one particular 
case, which apparently resembled our cases, the diagnosis was aided by failure 
to obtain fluid by thoracentesis. Such instances, as well as the cases to be 
described later, may result from the operation of a more ‘‘active’’ mechanism 
of collapse. 

We have collected a small group of cases which initially resembled pneu- 
monia. The patients developed unusual features manifested by excruciating 
chest pain and the rapid formation of an apparent massive pleural effusion. 
It quickly became obvious that significant pleural effusion was in fact absent 
and that we were dealing with a combination of pneumonitis and atelectasis. 
Since in all of these cases of atelectasis the major bronchi probably were patent, 
we were compelled to search for other causes of atelectasis, and our attention 
was attracted to the phenomenon of active contraction of the lung. 
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CASE REPORTS 


CasE 1.—V. I., a 40-year-old man, entered the hospital complaining that he had been 
febrile and dyspneic for several hours and that he had experienced excruciating pleuritic right 
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Fig. 1.—A, Essentially normal chest while the patient is totally prostrated with excruci- 
ating chest pain and high fever. 

B, Twelve hours later, demonstrating a density involving the lower third of the right 
hemithorax. 

C, Thirty-six hours after admission, demonstrating the rapid progression of the process 
with typical x-ray findings of a pleural effusion. However, there is a modest ipsilateral devi- 
ation of the mediastinal contents to the right. 

D, Four days after admission there is total opacification of the right hemithorax. The 
mediastinum is in the midline. 
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lower chest pain, radiating to the right shoulder-neck area. The pain was so severe that the 
slightest movement in bed was agonizing. The right hemithorax was clearly splinted. 
Resonance and fremitus were normal, and the breath sounds were barely audible over the 
lower half of the right side of the chest. He raised a scanty brown sputum which contained 
no pathogens. 

In spite of the severe right pleuritis, the initial chest roentgenogram revealed a normal 
right hemithorax and a minimal patchy infiltrate at the base of the left lung. Within 12 
hours, the lower third of the right lung field was opacified, and 30 hours after admission 
there was a marked pleural reaction, with a curvilinear shadow, resembling fluid, extending 
to the right apex. By 72 hours, the right hemithorax was entirely opacified. The main 
bronchi were clearly visualized on an over-penetrated film and were demonstrably patent. 
There was no mediastinal shift (Fig. 1, A, B, C, D). 

Chest pain was so severe during the first 2 days that meperidine afforded only partial 
relief. Intercostal nerve blocks relieved pain more satisfactorily. Accompanying the x-ray 
changes, there were equally striking changes in physical findings: flatness, bronchial breath- 
ing, and egophony appeared. At this time, thoracentesis at numerous sites surprisingly failed 
to recover fluid. The following day, repeated attempts yielded only 10 c.c. of light brown, 
thin fluid which was felt to represent a very thin layer of exudate. 


&. F. 


Fig. 1.—Cont’d. a, Thirteen days after admission, showing the first evidence of reso- 
lution. The right diaphragm is elevated. 

F, Five weeks after admission, showing minimal x-ray residuals. At this time, complete 
clinical resolution had occurred and ventilatory findings were normal. 


Although antibiotic therapy was instituted, the fever persisted and returned gradually 
to normal after 2 weeks. The severe pleuritic pain subsided after 1 week. As the right 
hemithoracie excursions increased, fine, sticky, subcrepitant rales appeared. Fluoroscopy, 
2 weeks after admission, revealed the right hemidiaphragm to be slightly elevated and its 
excursions diminished in its lateral portion. Chest x-ray examination shortly before discharge 
revealed remarkable clearing, leaving only several linear densities in the right mid-lung field, 
and a uniform elevation of the right diaphragm to the level of the eighth rib posteriorly. 
Follow-up x-ray studies 4 months later were within normal limits (Fig. 1, E, F). 
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CASE 2.—L. W., a 60-year-old Negro man, complained that for 1 day he had had fever, 
chills, and chest pain which had increased progressively. On admission, there was a tempera- 
ture of 103° F., a rapid pulse, and severe distress because of excruciating pain in the right 
lower chest posteriorly. Both palpation and percussion aggravated this severe pain. There 
was splinting of the right hemithorax with dullness and absence of breath sounds. No rales 
were heard. 

A roentgenogram of the chest revealed a homogenous density obscuring the lower fourth 
of the right lung, the right diaphragm, and the right costophrenic angle. Because of the 
severe pain and tenderness, Bucky films were taken but no fractured ribs were found. Forty- 
eight hours after admission, x-ray examination of the chest showed that almost the entire 
right hemithorax had become opacified and the right diaphragm was clearly elevated. The 
mediastinum was slightly displaced to the right, and the right intercostal spaces were nar- 
rowed. The apical portion was the only area where normal lung markings could be seen. 
Throughout this period, the patient’s pain was poorly controlled in spite of meperidine every 
4 hours. Fifty million units of penicillin daily had no effect on the fever. After the third 
day, the pain was alleviated but the physical signs, the fever, and the x-ray findings did not 
change for an additional 10 days. During this time, several attempts at thoracentesis were 
made but no fluid could be found. On the eleventh hospital day, bronchoscopy was performed 
and a purulent bronchitis involving the entire tracheobronchial tree was seen. All the major 
and segmental bronchi were patent. The temperature descended by lysis, reaching normal 
on the fourteenth day. At this time, beginning resolution of the lesion was found in the 
course of serial x-ray examinations. Fluoroscopy on the twenty-first day of his illness re- 
vealed continued diminution of the right diaphragmatic excursion. X-ray studies on the 
thirty-fifth day of his illness revealed about 50 per cent absorption of the density in the 
right hemithorax. The physical signs at this time consisted of diminution of vocal fremitus, 
impaired percussion note, and diminution in the intensity of the breath sounds over the lower 
third of the right hemithorax. 

CasE 3. P. W., a 23-year-old Negro man, was admitted because of hemoptysis and 
severe, left-sided, pleuritic chest pain of a few hours’ duration. For 3 days prior to ad- 
mission, he had had malaise, nonproductive cough, fever, and sweats. On admission, the 
temperature was 104.6° F., pulse 112, respirations 32, and he complained of severe pain in 
the left lower chest, anteriorly. There was dullness, diminished tactile fremitus and 
diminished breath sounds accompanied by crepitant rales at the base of the left lung. 
The abdomen was soft, not distended, and there was no tenderness. The bowel sounds were 
active. A chest roentgenogram showed an infiltrate in the posterior basal segment of the 
left lower lobe. There was a marked elevation of the left diaphragm and beneath this 
there was considerable gaseous distention of the colon. 

Pain was very difficult to control. On the following day, chest x-ray studies revealed 
an extensive consolidation of the left lower lobe, elevation of the left diaphragm, and 
considerable gaseous distention of the colon. In addition, there was a small area of in- 
filtration in the medial aspect of the right lower lung field. On physical examination, the 
findings were unchanged with persistence of moist inspiratory rales over the left lower lobe. 
The acute course continued unchanged for 1 week in spite of massive doses of antibiotics. 
The temperature subsided by lysis and returned to normal by the fourteenth hospital day, 
when the abnormal physical signs over the left lower lobe had disappeared. In serial 
x-ray studies, the density occupying the left lower lobe began to resolve on the eleventh 
hospital day and the diaphragm returned to its normal position. Chest tomograms on the 
twentieth hospital day demonstrated patent bronchi. 

Case 4.—J. R., a 37-year-old man, complained of mild left pleuritic chest pain of 6 
days’ duration. Three days before admission to the hospital, fever was first noted and the 
chest pain became more intense and radiated to the left shoulder for the first time. Before 
admission, he had received inadequate doses of penicillin, streptomycin, tetracycline, and 
oleandomycin. On admission, the temperature was 102° F. and the respirations were 36. 
He was in obvious distress, and the slightest movement of his body intensified the pain 
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which was not relieved by repeated injections of generous doses of meperidine. The left 
hemithorax was splinted markedly. There were dullness and diminished tactile fremitus 
with bronchial breathing and egophony over the left lower lung field. A few moist basilar 
rales were present bilaterally. 

Admission chest films demonstrated that the mediastinum was in the midline; the left 
lower lung field and its costophrenic angle were obscured by a homogenous density. The 


C. D. 


Fig. 2.—A, Minimal involvement at the base of the left lung, and questionable involvement 
at the base of the right lung. 

B, Almost total opacification of the left hemithorax and disc-like atelectasis at the base 
of the right lung. Note the large gas shadows in the left upper quadrant. The apparent con- 
tralateral shift of the mediastinum is due to inability to obtain a true central position because 
of the severe pain in the left chest. 

C, One month later there is marked resolution of the lesion with elevation and fixation of 
the left diaphragm. 

D, Four months after admission, showing residual elevation of the left diaphragm with 
complete parenchymal resolution. 
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left diaphragm could not be discerned, but gas shadows in the left upper abdominal 
quadrant suggested that the diaphragm was elevated to the level of the eighth rib posteriorly. 
A small basilar pneumonic infiltrate was present in the right lower lung field. 
Thoracentesis at numerous sites yielded no fluid. Although massive doses of antibiotics 
were administered, the patient remained critically ill and required oxygen. Cough and 
expectoration remained minimal. The signs of consolidation spread over a larger area, and 
serial x-ray studies soon showed opacification of the entire left hemithorax without displace- 
ment of the mediastinum. Immobilization of the elevated diaphragm was confirmed by 
fluoroscopy. Repeated attempts at thoracenteses over multiple sites again disclosed no fluid. 
Fever resolved by lysis over a 2-week period. By the eleventh day, x-rays showed that 
resolution of the massive density was starting. On discharge, 1 month after admission, 
there was a residual pleural veiling of the middle third of the left lateral lung field and 
pleurodiaphragmatic and pleuropericardial adhesions. A follow-up film made 1 year later 
was normal, with the exception of the lateral portion of the left diaphragm, which was 
slightly elevated. 


CASE 5.—Three weeks prior to admission, W. B., a 47-year-old white man, suffered an 
illness manifested by fever, mild left chest pain, and a cough productive of yellow purulent 
sputum. He was treated for several days with antibiotic capsules. Only partial improve- 
ment took place and 1 week before admission, fever and cough increased and the sputum 
became reddish-brown. Left chest pain became so severe that hospitalization was sought. 

On admission, he was found to be acutely ill, febrile, and with a distinctly splinted 
left hemithorax. There was dullness and decreased tactile fremitus over the entire left chest. 
Breath sounds were absent over the lower two thirds of the left chest. The right hemithorax 
was normal. 

Initial x-ray examination revealed an elevated left diaphragm whose lateral aspect 
merged with an opacity obscuring the costophrenic sulcus. Small left parahilar infiltrations 
were also present. Within 24 hours, the entire left lung field, with the exception of a small 
paramediastinal area, was opacified. The upper third was ground glass in appearance, 
accompanied by loss of volume, manifested by crowding together of the ribs. Further 
elevation of the diaphragm occurred and was accompanied by large areas of stomach and 
splenic flexure gas shadows. The patient was acutely ill with high fever for the first 12 
hospital days in spite of massive doses of antibiotics. During the third hospital week, the 
temperature subsided by lysis. 

Numerous attempts at thoracentesis at numerous sites yielded at most 25 c¢.c. of thin, 
straw-colored fluid at any given site. It was the impression of several observers that only a 
thin layer of pleural fluid existed, despite the x-ray appearance which suggested loculations. 
The fluid contained 4,000 white cells per cubic millimeter with 90 per cent polymorphonuclear 
leukocytes. Although Gram stain revealed no organisms, a nonhemolytie Micrococcus pyogenes 
var. awreus, coagulase negative, was cultured from only one specimen. We considered this 
to be a contaminant. 

Serial films disclosed clearing of the medial portion of the left lung field leaving a 
lateral density, closely resembling loculated fluid, from which broad bands of thickened 
pleura radiated centrally. The medial portion of the left diaphragm moved freely, but the 
lateral aspect was elevated and fixed to the lateral chest wall. 


CasE 6.—J. D., a 43-year-old man, felt feverish for 5 days before admission. After 
3 days, severe pain in his right chest appeared which was aggravated by breathing and 
coughing; his temperature rose to 106° F. He was treated with penicillin and unidentified 
pills but, because of the persistence of fever and chest pain, he sought hospitalization. 

On admission, he was found to be acutely ill and apprehensive, with shallow respirations 
at a rate of 36 per minute and a temperature of 103° F. The trachea was not displaced. 
There was marked splinting of the right hemithorax with dullness and absent breath sounds 
over the lower two thirds of the right hemithorax posteriorly, and over the lower third 
anteriorly. Over this area, there was both increased tactile and vocal fremitus. 

Admission chest x-ray studies showed the lower third of the right hemithorax to be 
obscured by a homogenous density merging with the diaphragm and extending upward 
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and laterally along the chest wall. The mid-lung field contained a patchy pneumonic in- 
filtrate. The right hemithorax was diminished in volume with marked narrowing of the 
intercostal spaces, marked elevation of the diaphragm, and slight ipsilateral shift of the 
mediastinum. On the day of admission, thoracentesis over numerous anterior and posterior 
sites yielded but 3 ¢.c. of cloudy straw-colored fluid. On the third hospital day, although 
decubitus films did not demonstrate free fluid, thoracentesis yielded 90 ¢.c. of amber fluid 
from a small posterior loculation. This fluid contained 4,450 white blood cells per cubic 
millimeters, 72 per cent of which were polynuclear cells, 22 per cent mononuclear cells, and 
2 per cent eosinophils. Cultures of this fluid revealed no growth; Gram stain and acid-fast 
stains disclosed no organisms. On the eighth hospital day, the patient was fluoroscoped, 
and the right diaphragm was noted to be elevated, with paradoxical motion. The patient 
had been given large doses of antibiotics but the temperature did not reach normal levels 
until the third hospital week. 

A roentgenogram on the tenth hospital day confirmed early clearing of the density. 
The diaphragm slowly returned to a more normal position, but at follow-up examination 8 
months later, the diaphragm was somewhat flattened and the costophrenic sulcus was 


obliterated. 


Comment: These 6 cases of pneumonia were unique in our experience. 
Together they make a picture which, although bizarre, yet presents common 
recognizable elements. Pain, which usually appeared suddenly, was intense and 
persistent. Unlike the chest pain often seen in pneumonia, the pain here was of 
great severity and was only partially and temporarily controlled by opiates or by 
intercostal nerve block—-measures which are almost never necessary in the usual 
pneumonie infections. The pain lasted for days, diminishing slowly. The 
febrile course was protracted (lasting usually 2 to 3 weeks) and was not altered 
by large amounts of antibiotics, administered singly or in combination. The 
sputum never yielded a pathogenic organism. Blood cultures, taken in all 
cases, were sterile; and in the 2 eases in which pleural fluid was obtained, it, too, 
was sterile. Viral studies, when done, identified no pathogenic agent. 

Physical examinations were hampered by the great pain and splinting of the 
chest, but in all eases, dullness or flatness was present, and in 3 eases bronchial 
breathing was present initially or was detected as the waning of the splinting 
allowed deeper respiratory excursions. In 4 of the cases, the increased vocal 
and tactile fremitus, and the presence of egophony, .bronchial breathing, and 
rales indicated patency of the bronchial tree. In Case 2, in whom the 
physical signs were those of a ‘‘silent chest,’’ bronchoscopy at the time of 
maximum x-ray opacification demonstrated pateney of all the major and seg- 
mental bronchi. Case 5, who also. presented a ‘‘silent chest,’’ so closely re- 
sembled our other eases in clinical course and x-ray findings that we are con- 
vineed that there was no obstruction of the bronchial tree. 

The white blood cell count varied from a completely normal count to a 
leukocytosis of 40,000/eu. mm. with 96 per cent polymorphs. 

The x-ray examinations of the chest taken in mid-course of the illness dis- 
closed extensive opacification of a hemithorax and, in all instances, except for 
Jase 3, the radiologist’s diagnosis was ‘‘massive pleural effusion.’’ (Case 3 
was the only one in whom the opacification was limited to a lobe.) On later 
review, the elevated hemidiaphragm, the crowded intercostal spaces, the absence 
of contralateral mediastinal displacement, and the modest ipsilateral mediastinal 
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shift weighed against the diagnosis of massive effusion, and indicated an ate- 
leetatic component. At the onset, in spite of the severe pain and the already 
obvious serious illness, the early x-ray studies demonstrated minimal paren- 
chymal or pleural involvement, but within a brief time, almost the entire 
hemithorax would become opacified. This extraordinarily rapid development 
of massive x-ray changes is best exemplified in Case 1 in whom the unexpectedly 
normal admission chest film altered, within 12 hours, to opacification of the 
lower one third of the right chest cavity. Within 30 hours there was marked 
pleural reaction to the apex, and within 72 hours, complete opacification of the 
entire right hemithorax. 

The prognosis is quite favorable. No patient died, and in spite of a 
stormy and protracted course, full clinical recovery ensued. Chest x-ray studies 
either returned to normal, or showed minor degrees of pleural or diaphragmatic 
fibrotic residuals. In 2 eases, 1 month after recovery, studies demonstrated 
normal ventilatory function. 


DIFFERENTIAL DIAGNOSIS 


All of these patients were first admitted to the hospital as cases of either 
bacterial or viral pneumonia. However, the unusually exquisite pain, the ab- 
sence of significant involvement of the lungs or pleura at the onset of the illness, 
the inordinate speed with which x-ray opacification developed, the prolonged 
clinical course, the unusual refractoriness to current standard therapy, and the 


failure to demonstate either a bacterial pathogen or viral serological changes 
eliminate these diagnoses. 

The x-ray appearance at first glance is so characteristic of massive pleural 
effusion, that the radiologists at two different hospitals made this diagnosis in 
5 of the 6 eases. This diagnosis produced the most controversy—to the point 
where the thoracic surgeons performed the thoracenteses before admitting that 
there was no significant accumulation of pleural fluid. 

Since these patients were critically ill with high fever, prostration, tachyp- 
nea, and evident toxicity, in two instances serious thought was given to the 
possibility of the presence of a loculated empyema. Indeed, feeling about this 
ran so high that open thoracotomy was proposed in 1 case, even though there 
had been many fruitless thoracenteses. Fortunately, clinical resolution began to 
appear while the controversy raged, and the patient ultimately made a spon- 
taneous recovery. Since these patients are gravely ill, do have evidence of 
massive pulmonary involvement, and fail to respond to antibiotics, it is 
tempting to believe that they have an inaccessible accumulation of purulent 
fluid. However, the clinical course of these patients is so characteristic, re- 
peated thoracenteses even in expert hands are so unproductive and, finally, 
critical examination of the serial x-ray films is far more indicative of atelec- 
tasis than of fluid. 

We believe that some degree of atelectasis is present in our series of cases, 
and that this is probably the chief factor in producing the unusually prolonged 
course of pneumonitis. The development of stepwise areas of atelectasis would 
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explain the rapid development of massive x-ray opacification. However, this 
atelectasis develops without any bronchial obstruction; our patients demon- 
strated patency of the bronchi as judged by transmission of vocal fremitus, 
breath sounds, rales, actual visualization of the patent bronchi in overexposed 
films, or even by direct bronchoscopic visualization. It has been suggested that 
the occlusion might have been present at the bronchiolar level and so would 
not be visualized by the bronchoscope or the air-bronchogram. This supposition 
fails to explain the presence of rales or the transmission of vocal fremitus or 
breath sounds, since these depend on the patency of the entire bronchial tree. 
In addition, it is difficult to visualize such bronchiolar occlusion occurring in the 
rapid, stepwise fashion described in the case reports. 

Less commonly, diagnostie difficulties arose concerning the possibility of 
fractured ribs or of a primary abdominal problem. The excruciating pain 
certainly suggested the possibility of rib facture, but the absence of previous 
paroxysmal cough or injury and the failure to demonstrate such a lesion with 
x-ray studies made it possible to exclude this diagnosis with relative ease. 

The elevation of the ipsilateral diaphragm and the frequent x-ray demon- 
stration of distended loops of bowel below this diaphragm might create some 
confusion, particularly in the early stages when there is little evidence of sig- 
nificant pulmonary disease. However, the rapid appearance of progressive 
disease above the diaphragm rapidly eliminated this possibility. Nevertheless, 
in Case 3, the marked elevation of the left hemidiaphragm and the massive 
gas shadows in the left upper quadrant led one consultant to suggest a diagnosis 
of eventration of the diaphragm. The subsequent development of lobar con- 
solidation excluded this diagnosis. 


THERAPY 


In each case, massive doses of antibiotics, either singly or in combination, 
were given. The protracted clinical course indicates that they were of little 
value. Based on our present experience, we believe that supportive and 
symptomatic care constitute the only worth-while measures. Since we feel that 
the severe pain initiates the rapid and massive atelectasis, it seems sensible to 
advocate early and repeated intercostal nerve blocks in an effort to limit the 
progression of the pulmonary and pleural process. 


DISCUSSION 


We believe that when the volume of the lungs is reduced to a critical level, 
the forces of surface tension become sufficiently powerful to produce atelectasis. 
The initial reduction of lung volume may be brought about by two general 
processes : a passive loss due to weakness or paralysis of the ventilatory muscles, 
or an active contraction of the lung caused by a reflex are. The first category 
was described initially by Gairdner? in 1853, when he stated that, in addition 
to the accepted causes for atelectasis, ‘‘weakness or inefficiency of the in- 
spiratory power however caused could produce atelectasis.’’ William Pasteur* ¢ 
(1890, 1908) described in great detail the development of atelectasis resulting 
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from ‘‘weakness or inefficiency of the inspiratory power.’’ Dealing chiefly 
with cases of respiratory muscle paralysis in children suffering from diphtheria, 
he demonstrated that when diaphragmatic paralysis was present, lower lobe 
atelectasis occurred; when the intercostal muscles were paralyzed, the upper 
portions of the lungs became atelectatic. Pasteur further described cases of 
massive collapse of the lung in which the diaphragm was inactive because of 
diaphragmatic pleural inflammation. He also described cases in which ab- 
dominal surgery resulted in ‘‘reflex inhibition of the diaphragmatic movement’’ 
with resultant lower lobar atelectasis. In a scholarly review of the problem 
of pulmonary atelectasis, Churehill> concurred with these mechanisms presented 
by Gairdner and by Pasteur and presented illustrative cases of his own. 
Similar observations have been made by Jacobaeus, Lelander, and Westermark® 
who noted atelectasis during the convalescent stage of pneumococcal pneumonia, 
and Finland and Loverud’? who found 16 eases of massive atelectatie collapse 
in autopsied cases of pneumococcic pneumonia. These latter authors, in con- 
sidering the pathogenesis of their findings, invoked the mechanisms described 
by Pasteur. Culiner and associates,’ have recently described 4 cases of ‘‘non- 
obstructive consolidation atelectasis’’ after thoracotomy. In all of their cases, 
bronchoscopy demonstrated patency of the bronchial tree at the time when 
x-ray opacification was most marked. They, following Pasteur’s reasoning, 
attribute the atelectasis to splinting and paresis of the respiratory muscles. 
Impressive evidence for the mechanism of active contraction of the lung 


has been marshalled in reviews by Xalabarder,® Sturm,’® Stajano and co- 
workers,'” 1? and Hoffstaedt,!? among others. 
In brief, it is to be noted that: 


1. When the lung is directly observed by thoracoscopy, touching the surface 
of the lung produces dimpling with active retraction of the spot that had been 
stimulated. The dimple appears by closure of the bronchiole and of the periph- 
eral acinus arising from it. The recoil and contraction of this healthy lung 
surface is thought to be neurogenic in origin because pretreatment of the sur- 
face with procaine prevents this contractile response. 


2. Similarly, it was noted by thoraccseopie observation that a lung could 
suddenly diminish its volume without apparent cause, detach itself from the 
chest wall and, while floating freely in the chest cavity, would continue its 
respiratory excursions. Areas of function (breathing zones) were often ob- 
served within larger areas of collapsed lung. These phenomena were interpreted 
as indicative of regional areas where tonicity of lung tissue would alter with 
resulting changes in volume. 


3. Direct measurements of the pressure and volume within pulmonary 
cavities often demonstrate increases or decreases which are independent of 
atmospheric or intrapleural pressures. Such changes seemingly result from 
active contractility with some change of tonus of the functioning lung pa- 
renchyma which surrounds the eavities. 


4. It has been demonstrated that stimuli applied to abdominal viscera, 
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cranial centers, the parietal or visceral pleura, or to the bronchus can result in 
a sharp reduction of the volume of the lung” ‘* while there may actually be 
bronchodilation. On numerous occasions during the initial induction of a 
therapeutic pneumothcrax, it has been observed that as little as 150 ¢.c. of air 
intrapleurally could result in a rapid and complete contraction of the lung 
with intrapleural pressures reaching minus 40 em. of water. 

Similarly, during routine bronchography, instances have occurred in which 
immediate atelactasis of a lobe or of a lung appeared while there was obvious 
patency of the bronchi in the roentgenograms. Re-expansion occurred just as 
rapidly although there was no expulsion of the Lipiodol and the bronchi re- 
mained open and filled with contrast medium.** This rapid filling and emptying 
of the lung cannot be explained by passive resorption of air following fortuitous 
obstruction of a major bronchus because, when a major bronchus is occluded 
by a ligature, at least 8 hours elapses before sufficient air is absorbed to produce 
x-ray opacification. Yet, immediate contraction of the lung and retraction 
of the hemithorax is observed following ligation of the bronchus.** This 
demonstration clearly separates the immediate reflex contraction from the later 
resorptive phenomena. 


5. There is agreement that smooth muscle bundles are present in human 
lungs as far distal as the alveolar ducts. The apparent absence of muscle fibers 
in the alveolar walls does not prevent active contraction, as the ‘‘plasmatic 
alveolar cell,’’ studied and described by von Hayek,’ ** 1° is an adequate 
functional substitute for muscle fibers. 


6. In any case, when acetylcholine in greatly diluted quantities is applied 
to the lung surface, strong contractions occur with corresponding loss of 
lung volume.?® This demonstrates that, in spite of any controversy over the 
exact mechanisms involved, actual pulmonary contraction does occur. 

When the initial reduction of lung volume has been initiated by either 
active or passive mechanisms, the forces of surface tension then become the 
major factor in establishing further atelectasis. Von Neergaard*' first demon- 
strated that a large part of the retractive force of the lung was due to surface 
tension. By emptying the lung of air, and re-expanding it with saline, he 
found that only a fraction of the total elasticity of the lung was due to tissue 
elasticity, whereas the remainder resulted from surface tension forees. This 
work was elaborated on by Radford and associates*® and Mead, Whittenberger, 
and Radford.*° 

A film of fluid behaves like a stretched membrane and has a contractile 
tendeney. This force, known as surface tension, is active over the alveolar 
surface tending to collapse these surfaces. According to the Laplace equation 
governing the relationships about a membrane, such as a soap bubble, an inflated 
balloon, or an alveolus, at any steady state, the pressure maintaining inflation 
is directly proportional to the tension in the membrane and inversely pro- 
portional to the radius of curvature of the membrane, P = 2T/R. In a soap 
bubble, where the film is stretched with an essentially constant force (where 
T remains constant over a wide range), the pressure within can only vary 
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reciprocally with the radius, and so the larger the bubble, the lower is its in- 
ternal pressure. The smaller the bubble, the greater is the pressure required to 
maintain the curvature of the film.** 

Fig. 3 illustrates these relationships. Two soap bubbles, nearly equal in 
size, are connected by a Y tube. Bubble a, of a greater radius than bubble b, 
has a lesser internal pressure. The air, under high pressure within bubble b, 
thus flows across into bubble a, and bubble b promptly shuts itself down as 
it inflates bubble a.* 


Fig. 3. 


At any time, the configuration of the alveolus is determined by the balance 
between the retractive forces of elasticity plus surface tension and the expansive 
pressure of the air in the bronchiole. Since with diminution of alveolar volume 
(or radii of curvature) the air pressure must rise to balance the surface forces, 
it is clear that below a critical size, the surface tension will be sufficient to 
collapse the alveolus. 

These contractile forces are appreciable. Matteucci,?> by assuming that 
the intra-alveolar pressure was essentially atmospheric, by discounting the effect 


*These relationships also offer a rational explanation for the progressive enlargement of 
bullae and blebs which may expand to fill a hemithorax. Rarely is a convincing ball valve 
mechanism found. ‘These giant bullae and blebs, particularly in the vanishing lung syndrome, 
usually expand while exhibiting normal intra-alveolar pressure. These bullae are not com- 
pressing adjacent lung tissues; but the larger radii of the dilated alveoli, established early in 
the course of the disease, lead to the shunting off of air from the more normal air sacs into the 
larger ones, perpetuating a vicious cycle. 
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of capillary and smooth muscle contractility, and by substituting the known 
dimensions of the lung units in the Laplace equation, arrived at a figure for 
surface tension of 50.5 dynes for each alveolus. This is admittedly a rough 
approximation, but the large order of the force involved will be appreciated. 

Numerous variables, which alter the balance of forces over different areas 
of the lung, create factors difficult to quantitate but which nevertheless are of 
clear importance. The alveoli vary greatly in diameter, consequently large 
alveoli would open at lower pressures, whereas the small alveoli would inflate 
at higher intraluminal pressures. Conversely, at any given pressure level, the 
smaller air sacs would have a greater tendency to collapse. As Clements and 
his co-workers*® state, ‘‘one may assign to surface property the major role 
(aside from bronchiolar tone), in determining participation of alveoli in lung 
ventilation, at the same time considering that the elastic properties of tissue 
always enter into alveolar compliance. It is reasonable to suppose that when 
the alveoli are extended, tissue forces predominate, while at moderate to small 
volumes, surface forces predominate.’’ Then, too, as the lung distends, the 
spherical shape of the alveolus alters and takes on a flattened shape with pro- 
gressively greater effects of tissue tension for any given inerement of volume.”* 
Finally, there are certain anatomic features which are of clinical significance 
in the prevention or relief of lobular atelectasis. These are the alveolar pores 
of Kohn and the bronchiolar-alveolar communications of Lambert.?® The 
collateral air drift through these pathways will play an important but as yet 
unmeasured effect on local intrapulmonary pressures. 

Synthesizing the above material, we visualize for the sake of clarity, two 
mechanisms in the development of the nonobstructive atelectatiec process. 


1. The first type is exemplified by diphtheritic or poliomyelitie paralysis of 
the ventilatory muscles, phrenic nerve paralysis, or wasting diseases. Here, loss 
of tone, paresis, and then paralysis of these muscles will permit the chest cavity 
and the underlying lung to lose appreciable volume. The radii of the alveoli 
and alveolar sacs diminish and, in accord with the Laplace equation, the pressure 
needed to oppose surface forces must increase. Further contraction of the al- 
veolar elements ensues, and this vicious cycle culminates in the snapping together 
of alveolar walls, driving out the air through the patent airways. When such 
a process spreads in stepwise fashion over a large part of a lung, the powerful 
forees of surface tension are reflected in the high negative intrapleural pressure 
described by Xalabarder and Jacobaeus and by the sucked-in, retracted, shrunken 
chest so vividly described by Pasteur, a chest markedly deformed by atmospheric 
pressure. 


2. The atelectasis of reflex origin develops in its early stages somewhat 
differently. Here the contractile tissue elements are of paramount importance 
in initiating the process. The reflex which culminates in contraction of the lung 
vessels, musculature, and alveolar walls may have its afferent are in the chest 
wall, the visceral or parietal pleura, the abdominal viscera, or the bronchi them- 
selves. The efferent are stimulates the abrupt recoil and contraction of the most 
distal portion of the pulmonary units, once again decreasing the radii of the 
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alveoli. When the size of the alveolus or the alveolar sac diminishes below a 
critical volume, the intraluminal air pressure is overcome by the increasing 
surface tension plus the retractile forces of tissue elasticity and contractility. 
Again, the alveolar walls snap into apposition with collapse occurring. (When 
one considers the active contractile properties of heavily muscled bronchi, as 
well as the evidence that pulmonary reflexes cause active dilatation as well as 
constriction of these tubes, one may speculate that reverse peristalsis, a ‘‘vomit- 
ing of air’’ plays a part in the rapid deflation of the lungs.) 

Atelectasis can vary both quantitatively and qualitatively. Complete col- 
lapse of the lung was not obtained in any of our cases. The reason for this is 
undoubtedly related to the pneumonitis present in all cases. A pneumonic 
exudate is basically an incompressible liquid and consequently would, by its 
presence, prevent the reduction in volume to the degree of collapse possible when 
the alveoli are filled only with air. 

The intensity with which an area of lung is affected, and also the ease with 
which the process may be reversed, depends primarily upon the degree of air- 
lessness attained by the collapse process. When air has not been completely 
evacuated, and a gas-free state does not result, the transpulmonary pressure 
required for re-inflation is comparatively low, and deep breathing or cough may 
suffice to restore the normal state.2*: 2° The so-called ‘‘atelectatie rales,’’ heard 
so frequently over the base of the lungs represent minimal atelectatic areas of 
an easily reversible type. When a small area of tissue becomes collapsed, the 
development of a gas-free state may also be prevented by collateral air drift 
from normal surrounding areas by way of the passages referred to previously. 
Such collateral air drift will be less important in a larger region of atelectasis. 
Here, the drift would be confined to the surfaces abutting on the affected tissue 
and penetration of air to deeper regions of the collapsed lung would be hindered 
by the likely occlusion of the small communicating channels. So, as is clinically 
noted, one can expect greater difficulty of re-aerating progressively larger vol- 
umes of atelectatic lung. 

The mechanisms which have just been described explain the development of 
atelectasis once initial reduction of alveolar volume has taken place. If any- 
thing, this mechanism seems to be almost too efficient in its self-perpetuating 
properties, since a decrease in lung volume automatically tends to favor a 
further decrease in lung volume. It is somewhat puzzling why a lung, once 
collapsed, can be so easily re-expanded, and also why this phenomenon of ecol- 
lapse does not occur far more often. Some light may have been cast upon this 
aspect of atelectasis by the provocative findings of Brown and his colleagues.*° 
In their examination of materials extracted from the lung, they describe ‘‘the 
presence of a peculiar material on the alveolar surface.’’ Films prepared from 
such materials exhibited'a decrease of surface tension with diminution of its 
area, and an increase of surface with increase in area. If this observation has 
clinical significance, one might assume that the tendency for the lung to collapse 
with diminishing volume is partially overcome by a decrease in the surface 
tension of the mucoid material which coats the alveolar surfaces, 
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SUMMARY 


1. We have described a small group of cases in which there was a peculiar 
type of pneumonia characterized by exceptional chest pain, a protracted course 
apparently resistant to antibiotics, and with x-ray demonstration of rapidly 
developing opacification of large areas of the lung field. The initial diagnoses 
of massive effusion or post-pneumonic empyema were incorrect and, instead, 
atelectasis was found. The mediastinum was either in the midline or shifted 
toward the affected side. The diaphragm was high and immobile and the chest 
was fixed. In each ease, when sought, open bronchi were demonstrated. 


2. We have presented evidence for believing that the lung is actively con- 
tractile and that nonobstructive atelectasis is a net uncommon clinical entity. 


3. The application of the physical principles that govern the relationship of 
surface tensions, pressures, and the radii of the air sacs provides us with a gen- 
eral theory adequate to explain aspects of expansion and collapse of the lung. 


4. The application of such mechanisms may explain such seemingly diverse 
phenomena as nonobstructive atelectasis and the vanishing lung picture of pro- 
gressive bullous disease. 


We are grateful to Dr. Thomas H. Burford and to Dr. Edward P. Radford, Jr., for 
their careful review and their thoughtful suggestions. 
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BENIGN TUMORS AND CYSTS OF THE ESOPHAGUS 


Herbert W. Schmidt, M.D., O. Theron Clagett, M.D., and 
Edgar G. Harrison, Jr., M.D., Rochester, Minn. 


ENIGN TUMORS and cysts of the esophagus are rare, although Harrington’ 
found that they had been recognized for some 200 years. They have been 
divided into two groups, depending upon where the major portion of the lesion 
presents in relation to the wall of the esophagus. The first group consists of 
benign pedunculated intraluminal tumors, and the second consists of benign 
intramural tumors. The pedunculated intraluminal tumors are exceedingly rare, 
yet they were the first to be recognized clinically because some were regurgitated 
into or beyond the mouth and were seen by the physician before the discovery 
of roentgen rays or invention of the esophagosecope. At times these tumors ob- 
structed the larynx and caused death. 

Moersech and Harrington,’ in 1944, described 15 patients seen at the Mayo 
Clinie who had benign tumors and eysts of the esophagus, out of a total of 11,000 
patients who had dysphagia. They pointed out that this constituted an inac- 
curate record of the incidence of these types of lesions, yet it gave an idea as 
to the incidence of these tumors among all lesions of the esophagus that produce 
symptoms. They reported also that up to that time, in 7,450 postmortem ex- 
aminations at the Mayo Clinie, 44 benign tumors of the esophagus had been found. 
None of these patients had had a history of esophageal difficulty. The micro- 
scopic diagnoses in these 59 eases were as follows: leiomyoma, 34 cases; heman- 
gioma, 4; polyp, 4; papilloma, 3; cyst, 3; lipoma, 2; adenoma, 2; myxofibroma, 1; 
fhvclivninn, 1; neurofibroma, 4 mucocele, 1; and indeterminate, 3. The three 
indeterminate tumors were thought, from a clinical standpoint, most likely to be 
leiomyomas but microscopic confirmation was lacking. 

To evaluate our most recent experience with benign tumors and eysts of 
the esophagus, we have reviewed the cases eneountered here between the date 
of the report by Moersch and Harrington? (1944) and Jan. 1, 1960. Some of 
these cases were included in reports by Johnston* and Bernatz* and their asso- 
ciates, but to give the experience of our last 15 years more validity, we have 
included these cases in the present analysis. During this period a total of 90 
cases of benign esophageal tumors or cysts were encountered. In 49 eases the 
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lesions were removed by surgical means, and in the other 41 eases the lesions 
were found at postmortem examination. In addition to these 90 cases, there 
were 26 cases in which a presumptive diagnosis of benign tumor or cyst was 
made by the roentgenologist and esophagosecopist, but these cases will not be 
included in this study because the diagnosis was not established by tissue examina- 
tion. 


SURGICAL CASES 


The 49 benign esophageal tumors or cysts removed surgically included 33 
leiomyomas, 10 cysts, 1 reduplication of the entire esophagus, 2 polyps, 1 lipoma, 
1 pedunculated fibrolipoma, and 1 pedunculated myxofibroma. 
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Leiomyomas.—Leiomyoma was by far the most common benign tumor of 
the esophagus, being observed in 22 men and 11 women. The average age of 
the patients was 43.6 years. The youngest was a girl of 13 years and the oldest, a 
man of 68 years. 

Size and location of leiomyomas are important considerations from the 
standpoint of diagnosis, treatment, and results of treatment. For this reason 
we have divided the tumors into three groups: (1) leiomyoma 5 em. or less in 
diameter, (2) leiomyoma more than 5 em. in diameter yet not involving the 
stomach, and (3) leiomyoma involving the inferior portion of the esophagus and 
superior portion of the stomach. 
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Leiomyoma 5 cm. or less in diameter: Sixteen patients were in this group. 
Twelve were men and 4 were women. Most of them had no symptoms referable 
to the esophagus and the tumor was found in these patients by the roentgenolo- 
gist when he was investigating the upper part of the gastrointestinal tract be- 
cause of epigastric distress which was thought by the internist to be functional. 
In other cases the symptoms described were thought to be due to hiatal hernia 
or duodenal ulcer. 

Six patients had dysphagia, 2 had experienced loss of weight, and 1 com- 
plained of ‘‘fullness’’ in the lower retrosternal region during the act of swal- 
lowing. Other symptoms described were ‘‘choking sensation,’’ retrosternal 
burning, belching, and salivation. 





Fig. 2.—Microscopic appearance of tumor shown in Fig. 1 (x 50). 


Roentgenologic examination of the esophagus was highly accurate. The 
lesion was seen roentgenologically in all but 1 case, and in 13 instances the 
roentgenologist said that benign tumor of the esophagus was the most likely 
diagnosis. In one instance a carcinoma of the esophagus was thought to be 
‘present. The defect was usually described as being well demarcated, oval or 
round, without evidence of ulceration (Figs. 1 and 2). 

Esophagoscopy was also highly accurate. The lesion was seen in all but 
one instance, and was reported as a benign esophageal tumor in all but 1 ease. 
In this case the defect was so marked that a rhabdomyosareoma was thought 
to be present. The leiomyoma that was not seen at the time of esophagosecopy 
was found at the time of operation for an associated esophageal hiatal hernia. 

The findings on esophagoscopic examination are quite characteristic, namely, 
a filling defect over which there is normal mucous membrane. The esophagosecope 
can be passed beyond the tumor without difficulty. A specimen should not be 
removed from the mucous membrane for biopsy, since this procedure could in- 
terfere with subsequent surgical removal. The surgeon can almost always shell 
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a BENIGN TUMORS AND CYSTS OF ESOPHAGUS 723 
out these tumors without breaking through the mucous membrane. A deep 
mucosal biopsy procedure could, at least theoretically, be responsible for esophag- 
eal leakage following surgical removal. 

Surgical enucleation was performed successfully in all cases. Two patients 
had associated lesions. In one instance a hiatal hernia was repaired and in 
another a carcinoma of the superior part of the stomach was removed. In the 
remaining cases the enucleation was without difficulty. Nine leiomyomas were 
in the lower part of the esophagus and seven were in mid-esophagus. In two 
instances, multiple leiomyomas were found, 1 patient having three tumors and 
one having two. The results in all instances were regarded as excellent. 


Leiomyoma more than 5 cm. in diameter without involvement of stomach: 
Most of these 13 patients had symptoms referable to the esophagus. These 
symptoms consisted of dysphagia, retrosternal pressure or burning, and flatu- 
lence, possibly due to aerophagia. There were twice as many men as women 
in this group. The results of surgical enucleation were excellent, provided it 
was not necessary to remove too large a segment of esophageal musculature 
in order to excise the tumor or tumors. The largest single tumor removed 
measured 17 by 13 by 8 em. and weighed 1,070 grams. The findings in the in- 
dividual eases are given in Table I (Fig. 3). 


» 


Fig. 3.—Large leiomyoma involving lower part of esophagus and projecting into both 
thoracic cavities; removed by enucleation. a, Roentgenogram of thorax. b, Tumor measuring 
16:by 13 by 8 cm. and weighing 1,070 grams. 


Leiomyoma involving inferior part of esophagus and superior part of stom- 
ach, requiring esophagogastrectomy: Three of the 4 patients in this group were 
young women, and 1 was a man of 51 years. As a group these patients presented 
more difficult problems in diagnosis, as well as in treatment, than did those in 
whom only the esophagus was involved (Figs. 4 and 5). The results of treatment 
were, in general, far less satisfactory than in the first two groups. These tumors 
may give the appearance of achalasia at the time of roentgenologie and esopha- 
goscopic studies. The findings in the individual cases are given in Table II. 


Cysts of the Esophagus.—Cysts were the next most common benign lesion 
of the esophagus. Five of the ten occurred in men and five in women. The 
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ss BENIGN TUMORS AND CYSTS OF ESOPHAGUS 725 
average age of the patients was 45 years. Some patients had no symptoms 
referable to the esophagus, and some had dysphagia, ‘‘choking sensations,’’ 
or vague retrosternal sensations. In most instances the esophagus was examined 
roentgenologically as part of a gastrointestinal investigation for rather vague 
epigastric distress (Figs. 6 and 7). Ali of these lesions occurred in the middle 
or the lower third of the esophagus. The surgeon was able to enucleate all of 
them. . All patients had excellent results except 1, who died on the thirteenth 
postoperative day with bilateral parotitis and cervical cellulitis. The findings 
in the individual eases are given in Table III. 


Fig. 5.—Microscopic appearance of tumor shown in Fig. 4 (x 1000). 


Complete Reduplication of Esophagus—Complete reduplication of the 
esophagus is a rare condition. It was represented by only 1 patient in this series. 


The patient, a girl 18 years old, consulted her local physician because of cough. She 
had no symptoms directly referable to the esophagus. A roentgenogram of the thorax showed 
a ‘posterior mediastinal mass (Figs. 8 and 9). In roentgenograms of the thoracie part of 
the spinal column, the mass was seen to contain calcium. Neither roentgenologice studies 
of the esophagus nor esophagoscopic examination was done, since the true nature of the 
lesion was not recognized prior to thoracotomy. 

At operation, complete reduplication of the esophagus was found. Cystic structures 
were encountered at the junction of the lower and middle thirds. In addition, an anomalous 
artery was found arising from the thoracic aorta and supplying part of the lower lobe of 
the right lung. The esophageal reduplication extended from the pharynx and ran parallel, 
and was attached, to the esophagus. Dr. Stuart Harrington, who removed this structure, 
deseribed it as having ‘‘the diameter of a little finger’’ in its superior portion but as in- 
creasing in diameter in its lowermost portion. 

Pathologic examination revealed a tubular structure 17 cm. long which was lined with 
stratified squamous epithelium. There were a submucosa and a muscularis mucosae. There 
also was smooth muscle in the wall of this structure and in places this was calcified. 

The results of operation were excellent. Postoperative roentgenologic studies of the 
esophagus gave normal results. 
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Polyps.—The two esophageal polyps included in this series were removed 
at the time of esophagoscopy. Both were small tumors, one located in the distal 
part of the esophagus and the other at the ericopharyngeus level. The first 
patient had no definite symptoms referable to the esophagus; the second had 
had dysphagia for solid foods for 20 years. Both patients did well after re- 
moval of the polyps. 


Inset—Operative specimen. 


ig. 7.—Microscopic appearance of cyst shown in Fig. 6 (x 80). 
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Fig. 8.—Complete reduplication of thoracic esophagus. a, Roentgenogram showing mass 
right lower part of thorax. b, Gross specimen. 


Fig. 9.—Microscopic appearance of specimen shown in Fig. 8 (x 115). 
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Lipomas.—A lipoma measuring 6 by 1.5 em. was removed by enucleation 
at the time of right thoracotomy. It had occurred in a man 47 years of age who 
for 6 or 7 months had experienced an ‘‘irritation’’ under the superior portion 
of the sternum on swallowing solid foods. The roentgenologic and esophago- 
scopic findings were those of an intramural tumor. The patient did very well 
after operation. 

Pedunculated Intraluminal Tumors.—Pedunculated intraluminal tumor is 
one of the most bizarre tumors that occur in the gastrointestinal tract. Totten 
and associates’ could find reports of only 40 such cases recorded up to 1953. 
Vinson’s® report, in 1922, of the successful removal of this kind of tumor is 
the first such report to be found in the American literature. Bernatz and as- 
sociates,* in April, 1958, reported on 6 patients treated surgically at the Mayo 
Clinie. All but 2 of these patients had been reported on previously. 

The most common clinical feature was esophageal obstruction. Thus, dys- 
phagia, regurgitation, vomiting, and considerable loss of weight occurred. Most 
patients had substernal distress which varied from a sense of fullness to pain that 
was suggestive of angina pectoris. Respiratory symptoms developed from as- 
piration of esophageal contents and at times from pressure on the tracheo- 
bronchial tree. Ulceration of the tumor may cause melena or hematemesis. 

When regurgitation of the tumor into the mouth occurs, the diagnosis 
can be made without difficulty, provided it is thought of by the physician. Such 
regurgitation occurred in 4 of the 6 patients. 

X-ray examination of the esophagus shows a dilated esophagus which may 
have the appearance seen in achalasia. The tumor may be mistaken for re- 
tained food or foreign material. 

Esophagoscopy should furnish the diagnosis. At times, however, the 
esophagoscopist is fooled by finding the mucous membrane intact over the tumor. 
He may first recognize the tumor when he sees its distal end. 


Treatment: Pedunculated intraluminal tumors should be removed surgically. 
Some tumors have been removed by cutting through the pedicle with a snare. 
There may, however, be fairly large blood vessels in the pedicle which makes 
this procedure hazardous. It is safest now to remove the tumor through either 
a transcervical or a transthoracic approach. If the tumor is not removed, the 
ultimate outcome in many of these patients is poor. 

Laryngeal obstruction, aspirational pneumonitis and its complications, 
and esophageal obstruction with loss of weight may occur. Removal of the tumor 
usually gives complete relief of symptoms. 

The 2 cases of pedunculated intraluminal esophageal tumor in our series 
were reported previously by Bernatz and associates, but for purposes of present- 
ing the entire experience of the Mayo Clinie with benign esophageal tumors dur- 
ing the last 15 years, we have included them in this paper. The other 4 cases 
reported by Bernatz and associates were encountered prior to Jan. 1, 1945, 
and for this reason are not included in our series. 


Case of Pedunculated Fibrolipoma of Esophagus.— 


A woman, 25 years of age, who was admitted on March 27, 1955, complained of dys- 
phagia of 1 year’s duration. Food seemed to stick in her throat and it was necessary for 
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her to take extra liquids to wash down solid foods. Her difficulty had gradually increased 
in severity and she had consulted her family physician in 1954, who thought her condition 
was of nervous origin. At Christmas time in 1954, she was unable to swallow solids, and 
regurgitated frequently. Although food stuck in her throat, it passed to the lower sternal 
region after she took liquids. She continued to take a liquid diet. She saw a nose and 
throat specialist on Feb. 2, 1955, and after roentgenographie examination of the esophagus 
was told that she had cardiospasm. On Feb. 5, 1955, an esophagoscopic examination was 
done and the esophagus was dilated under general anesthesia. She was able to take a soft 
diet for 3 or 4 days, and then her dysphagia again increased. Finally, she began to regurgi- 
tate liquids. She had lost 19 pounds since September, 1954. 

Physical examination gave essentially negative results. The clinical impression was 
that of cardiospasm with a huge esophagus containing a bolus of food. The possibility of 
a phytobezoar was suggested. The roentgenologist suggested on examination that the pos- 
sibility of funnel chest be excluded. X-ray examination was reported as showing cardiospasm 
with pronounced dilatation of the esophagus, and a large intraluminal foreign body that was 
15 em. long. 

On esophagoscopy the instrument passed into the lower part of the esophagus, which 
appeared to be of normal size, but there was no retention of material such as is characteristic 
of cardiospasm. As the lower part of the esophagus was reached, the lumen suddenly 
widened and was seen to contain a large tumor. On partially withdrawing the esophagoscope 
it could be inserted around the tumor in all directions. Finally, on withdrawal of the 
esophagoscope for a greater distance, a pedicle that contained fairly large blood vessels 
could be seen. It was believed that the tumor arose from the esophageal wall 101 inches 
from the upper incisor teeth at approximately the level of the arch of the aorta; its origin 
seemed to be from the posterior wall, slightly more on the right than on the left. No biopsy 
specimen was taken. 

At operation on April 2, 1955, the thorax was entered through a right posterolateral 
incision in the fifth intercostal space. The esophagus was found to be enlarged from 
the azygos vein down to just above the level of the diaphragm. It was opened longitudinally 
and a huge intraluminal tumor was encountered; this extended from just above the azygos 
vein, where it arose from a rather broad stalk, to a level just above the diaphragm. The 
tumor was delivered through the esophagus and the stalk was clamped and divided. The lower 
end of the tumor was somewhat ulcerated. The pathologist reported that it was a pedunc- 
ulated fibrolipoma measuring 14 by 7 by 5 em. 

Postoperative studies of esophageal motility, on April 18, 1955, showed that the 
gastroesophageal junction failed to participate in the swallowing reflex. No relaxation and 
no prolonged increase in pressure occurred. There was failure of the primary peristaltic 
waves. The results of a methacholine (Mecholyl) test were apparently negative, although 
the patient did have some pain on being given this drug. The characteristics of achalasia 
were present except for failure of the esophageal pressure to rise during the methacholine 
test. 

Motility studies on Oct. 26, 1955, showed a change for the worse. The cardia seemed 
to be nonfunctioning and incompetent, and the patient appeared to have progressive nerve 
degeneration of the esophagus. Esophagoscopic examination on the same date disclosed a 
moderate amount of retained secretion in the esophagus. The esophagoscope was passed 
into the stomach without any evidence of obstruction. The examiner believed that there 
was some gastric mucous membrane above the level of the diaphragm. The esophagus was 
dilated to the caliber of a 50 Fr. sound. 

According to a progress note made on Oct. 24, 1955, the patient had done fairly well 
after operation until 4 weeks previously, when she began to have dysphagia quite similar 
to that prior to operation. She localized this at the cricoid level. She regurgitated food, 
and could swallow a full glass of water before regurgitation. She brought up a foamy type 
of secretion. Her weight had decreased about 8 pounds in 4 weeks. Roentgenographic 
examination made on Oct. 25, 1955, showed moderate secondary dilatation of the esophagus but 
without much delay in transit of food at the esophagogastrie junction. 
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The patient wrote on Feb. 14, 1957: ‘‘My health is very good...My weight is low 
although my appetite is very good. I eat anything I wish. The only time I have an un- 
pleasant sensation is when I eat and lie down too soon afterwards. I put several pillows 
under my head; this elevation relieves the uncomfortable sensation.’’ 


Li a ore brebevetAd 
Ustad TO 


10.—Pedunculated myxofibroma of the esophagus. a, Roentgenogram of esophagus. 
b, Gross specimen. (From Bernatz et al.*) 


Fig. 11.—Microscopic appearance of tumor shown in Fig. 10 (x 100). 


Case of Pedunculated Myxofibroma of Esophagus.— 

A man, aged 56 years, who was admitted Aug. 6, 1951, gave a history of progressive 
anorexia, weakness, dysphagia, and loss of 48 pounds, of 6 months’ duration. The illness 
had started with soreness in the right lower pharyngeal wall on swallowing. It was first 
noticed with the ingestion of liquor, then of hot foods, and finally of cold foods. Each 
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time he ate he experienced pain when the bolus of food passed the cricopharyngeus level. 
His local physician had found that the esophagus was very large. Esophagoscopic examina- 
tion reportedly had given negative results. Finally, he had had so much pain on swallowing 
that it was necessary to put a Levin tube into the stomach. 

Physical examination on admission gave negative results except for evidence of weight 
loss. The roentgenographic appearance of the thorax was normal. The roentgenologist 
reported the presence of a large intraluminal mass in the mid-portien of the esophagus, 
possibly an intramural tumor, a large collection of food or an intraluminal tumor (Figs. 10 
and 11). He did not find much evidence of obstruction at the esophagogastric junction and 
did not believe that cardiospasm was present. 

Esophagoscopic examination revealed a large pedunculated tumor that arose just below 
the esophageal introitus from the posterior and left lateral walls of the esophagus. From 
this point it hung down into the lumen of the esophagus, extending into the lower third. 
The tumor was lobulated and was thought possibly to be bifid. The examiner was able to 
grasp the lower end of the tumor but he could not bring it out of the mouth because it 
was so tightly embedded. His impression was that of a large pedunculated intraluminal 
fibrolipoma. The pathologist reported the tissue to be esophageal mucous membrane. 

An operation was performed on Aug. 11, 1951. An incision was made along the 
anterior border in the sternocleidomastoid muscle on the right, and a longitudinal incision 
was made in the right lateral wall of the esophagus just below the introitus. The pedicle 
of a large intraluminal esophageal tumor arising from the left lateral wall of the esophagus 
was found. This pedicle was 1.5 to 2 em. in diameter. It was cut across and closed with 
interrupted stitches. The pathologist reported that the tumor was a pedunculated myxofi- 
broma measuring 12 by 5.5 by 4 cm., with the pedicle measuring 11 by 2 by 15 em. A 
roentgenogram of the esophagus made on Aug. 21, 1951, showed no abnormality. 

The patient wrote on June 19, 1956, that he had no difficulty in swallowing. 


BENIGN TUMORS AND CYSTS FOUND INCIDENTAL TO POSTMORTEM EXAMINATION 


Forty-one benign tumors and cysts of the esophagus were found incidentally 
at the time of postmortem examination. All of these were so small that they 
did not cause any symptoms. The 41 lesions consisted of 24 leiomyomas, 13 cysts, 
1 lipoma, 1 submucosal fibroma, 1 adenoma, and 1 lymphangioma. 


SUMMARY 


A total of 90 patients with benign esophageal tumors or cysts were observed 
at the Mayo Clinic in the 15-year period from Jan. 1, 1945, through Dee. 31, 
1959. In 49 of these patients the lesions were removed surgically, and in 41 
they were found incidentally at the time of postmortem examination. The types 
of tumors and the clinical features are described. 
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CONGENITAL ESOPHAGEAL WEB 
Report of a Case 


Ira S. Goldenberg, M.D., and Howard Smith, M.D., 
New Haven, Conn. 


Bes ESOPHAGUS, by virtue of its complex embryological development, is the 
site of many abnormalities which may become evident early in life. The 
most common defect of embryological development is esophageal atresia which is 
usually associated with tracheoesophageal fistula. One very rare lesion is simple 
web or membrane formation. In adults, esophageal web formation is commonly 
ascribed to Plummer-Vinson syndrome or sideropenie dysphagia. In both chil- 
dren and adults, the etiology of these nontraumatie lesions is unclear. 

This report concerns a female infant presenting in the first month of life 
with regurgitation of feedings. The diagnosis of esophageal web was made and 
a eure accomplished with simple esophageal dilatation. 


CASE REPORT 


A 20-day-old female infant was admitted to the Yale-New Haven Medical Center with a 
4-day history of regurgitation of mucus and some feedings. The infant was delivered spon- 
taneously at term after a normal pregnancy and weighed 6 pounds, 6 ounces. A condensed 
milk formula had been taken well prior to admission and the child appeared to have been 
thriving. Four days before admission, a brief episode of gagging at the beginning of a 
feeding had been noted. Several episodes occurred during the next few days and an esophageal 
abnormality was suspected. An esophagogram demonstrated partial obstruction in the mid- 
esophagus and the infant was referred for treatment. 

Physical examination at the time of admission was not remarkable. Further radio- 
graphic studies delineated a mid-esophageal obstruction consistent with web formation (Fig. 
1). Rehydration was undertaken intravenously and 24 hours after admission an esophagoscopy 
was performed under general anesthesia. In the mid-esophagus a gradual tapering of the 
lumen was encountered, terminating in a membranous structure with a pin-point opening in 
its center. Fluid could not be forced back through the opening with positive pressure breath- 
ing. A size No. 8 Fr. bronchial dilator was passed through the opening with minimal diffi- 
culty. A ureteral catheter was then passed but progressed no further than 3 cm. below the 
membrane which was about 1 mm. thick. The web was then dilated to the size of a No. 20 
Fr. dilator. Because of uncertainty of the anatomic defect distal to the web, the esopha- 
goscopist was reluctant to attempt further instrumentation. 

The child withstood the procedure well. The following day additional radiographic 
studies revealed adequate elimination of the obstruction but a small distal esophageal perfora- 
tion was noted with passage of the thin barium into. the right chest (Fig. 2). Antibiotics 
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were administered and during the next 48 hours feeding was started. The convalescence was 
not remarkable save for a brief episode of emesis during the first few days of feeding. By 
the sixth day after esophagoscopy, formula was taken normally (Fig. 3). The child was 
discharged from the hospital 2 days later. Further problems were not encountered and a 
follow-up barium study 4 months later revealed a normal esophagus (Fig. 4). 





Fig. 1.—A mid-esophageal lesion is demonstrated by contrast medium. A question of a second 
obstruction was raised by the radiologist at the esophagogastric junction. 





Fig. 2.—Barium swallow after dilatation demonstrates improvement in the mid-esophageal 
region. Extravasation of contrast medium is evident. 














beet gla CONGENITAL ESOPHAGEAL WEB 
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Fig. 3.—Barium swallow prior to discharge from the hospital demonstrates no leak of contrast 
material and a patent esophagus. 


Fig. 4.—Contrast study 4 months after dilatation reveals a normal esophagus. 
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DISCUSSION 


Infrequent reports of simple congenital esophageal web or membrane have 
appeared in the medical literature. Much more common are reports of webs 
in patients with Plummer-Vinson syndrome.t The mode of formation of the 
webs in the latter group of patients may be related to the abnormal epithelium 
present. Atrophy and subsequent fibrosis have been suggested as the sequence 
of events leading to eventual obstruction. 

When web formation is found in a newborn infant, a congenital origin must 
be accepted in the absence of trauma. The complicated development of the 
esophagus as a tube-like structure most probably underlies the web formation. 
The initial lumen formation, its subsequent obliteration by cellular proliferation 
and thence its recanalization at a later time, is undoubtedly closely related to 
congenital web evolution. 

It is of note that the present patient had taken oral nutrition uneventfully 
despite the pin-pcint opening seen in the web at the time of esophagoscopy. 
Whether this opening was equally minute at birth is hard to evaluate. It is not 
unreasonable to presume that a sudden decrease in the lumen diameter of the 
strictured area may have resulted from edema or infection to precipitate the 
first emesis. 

Simple esophageal dilatation proved to be adequate therapy in this patient 
and emphasizes the fact that endoscopic manipulation in infants is attendant 
by risk of perforation, as occurred here. The complication was clinically un- 
recognized until the esophagogram was performed. 


SUMMARY 


A newborn infant with congenital esophageal web, diagnosed and treated by ~- 
direct endoscopic dilatation, has been presented. This rare lesion ean be recog- 
nized easily by roentgenogram and is usually cured with dilatation. 
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THE RELIEF OF ANEMIA BY REPAIR OF HIATUS HERNIA 


Thomas N. P. Johns, M.D., and Ernest L. Clements, M.D., 
Richmond, Va. 


ROTRUSION of a part of the stomach into the chest occurs with great frequency 

but the condition known as hiatus hernia becomes symptomatic in a minority 
of instances and for reasons generally unknown. When operation becomes 
necessary in hiatus hernia, it is most often for control of dyspeptic symptoms ; 
less often hemorrhage or anemia constitutes an indication for surgical inter- 
vention. 

Despite clarification of the pathogenesis and management of reflux esopha- 
gitis as a consequence of Allison’s classic work! in 1951, difficulty still remains 
in evaluating patients’ symptoms and need for operation. The usual problem 
is in the patient with other conditions: obesity, gall bladder disease, gastritis, 
peptic ulcer, esophageal stenosis, and coronary heart disease. For example, in 
this series, 43 of 110 patients with symptoms of hiatus hernia had coexisting 
disease, including 17 with heart disease, 15 with peptic uleer, and 7 with gall- 
stones. The problem of management is especially difficult in the anemic patient 
with hiatus hernia; overt gastrointestinal bleeding is frequently absent and 
ulceration in the herniated viseus can rarely be demonstrated. Anemia may, in 
confusion, be attributed to ulcer, diverticulitis, or polyp. 

Hemorrhage in hiatus hernia has been well documented since first deseribed 
by Ohnell’? in 1926 and has been recently summarized by DeVito.t Secondary 
anemia, recognized by Segal'® in 1931, has Leen ascribed to blood loss from 
uleeration of esophageal mucosa caused by reflux of acid gastrie juice through 
an ineompetent cardia. 

This report concerns a 6-year experience with 262 cases of hiatus hernia— 
110 cases considered symptomatic and 43 requiring operation—with particular 
regard for the occurrence and characteristics of anemia. The relation of anemia 
to hemorrhage and dyspepsia is observed with examples of the correction of 
refractory anemia by surgical reduction of the hernia. 


CLINICAL MATERIAL 
Since this series deals with a significant number of patients with anemia, 
patients have been categorized according to clinical manifestations in three 
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groups: (1) those with dyspepsia, including the various digestive symptoms, 
(2) those with clinical hemorrhage, and (3) those with anemia. The obvious 
overlap of these categories is resolved in Table I. 


TABLE I. CLINICAL CLASSIFICATION OF HIATUS HERNIA: 110 CASES 








DIGESTIVE SYMPTOMS 
(94 PATIENTS) HEMORRHAGE (24 PATIENTS) ANEMIA (36 PATIENTS) 


Alone 65 Alone 0 Alone 12 
With hemorrhage 20 With digestive symptoms 20 Withdigestivesymptoms 20 
With anemia 20 With anemia 15 With hemorrhage 15 








Patients With Dyspepsia.—The well-known symptoms of hiatus hernia are 
tabulated in Table II. Although substernal or epigastric pain is the most com- 
man complaint, the most distressing, if least frequent, is regurgitation of 
recently ingested food. This occurred in 4 patients and constituted the principal 
indication for operation in each. 


TABLE II. Dyspeptic SYMPTOMS: 94 PATIENTS 








Pain (substernal, epigastric) 

Indigestion (burning, gas, belching, eructation, fullness, heartburn) 
Nausea (occasionally vomiting) 

Dysphagia 

Regurgitation 





Patients With Hemorrhage.—Clinically detectable hemorrhage occurred in 
24 of 110 symptomatic cases and was the compelling event leading to operation 
in 10 (Table III). Hemorrhage in the absence of anemia as a solitary complica- 
tion of hiatus hernia did not occur; in four instances hemorrhage with secondary 
anemia was present without digestive symptoms. Massive hemorrhage in 1 
patient led to death. This patient, 72 years of age, was explored for bleeding 
esophageal varices consequent to biliary cirrhosis and complicated by hepatic 
coma, heart failure, uremia, and pneumonia. At operation, the bleeding varices 
were sutured and a large sliding hiatus hernia was repaired, death ensuing in 
4 days. Autopsy revealed heart failure with pulmonary congestion as the cause 
of death. The combination of portal hypertension, esophageal varices, and 
sliding hiatal hernia is an unusual and an unhappy one. 


TABLE III. INDICATIONS FOR OPERATION: 43 PATIENTS 








Pain (substernal or epigastric) 22 
Anemia 11 
Hemorrhage 10 
Indigestion, heartburn 6 
Regurgitation 4 
Nausea (vomiting) 3 





Patients With Anemia.—tThe criteria for the diagnosis of anemia in this 
study were as follows: in men, anemia was considered present if the hemoglobin 
level was below 10.0 grams per cubic centimeter of blood, corresponding to a 
value in this laboratory of 67 per cent of so-called normal (15.0 grams). In 
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women, anemia was considered present if the hemoglobin level was below 9.3 
grams per cubic centimeter of blood or 62 per cent of so-called normal in this 
laboratory. The greater accuracy of hematocrit over hemoglobin determinations 
is unquestioned, but routine hematocrit determinations were not made in the 
early years of this study; however, in patients in whom hematocrit determina- 
tions were made, males were considered anemic at hematocrit less than 35 and 
females at hematocrit below 30. 


Under such criteria, anemia occurred in 36 of 110 patients with complica- 
tions of hiatus hernia and was the primary indication for surgical treatment in 
11. The mean hemoglobin of the 36 anemic patients was 7.7 grams, ranging 
from 3.8 grams to 9.9 grams. In the anemic group treated surgically the mean 
age was 69 years, 10 years older than that of the entire series, and the mean 
hemoglobin was 6.9 grams. As indicated in Table I, anemia occurred in 21 eases 
without clinically obvious bleeding, 2 of these patients subsequently came to 
operation. Of the 24 patients with obvious bleeding, only 15 bled to anemic 
levels; 7 of these patients required operation. 


CLINICAL CHARACTERISTICS OF THE ANATOMIC TYPE OF HIATUS HERNIA 


The two generally recognized morphologic types of hiatus hernia, i.e., 
sliding or short-esophagus type and rolling or paraesophageal type, are alleged 
to produce characteristically distinct and different clinical patterns. In this 
series, the data with respect to the clinical findings in the anatomic types are as 
follows. 

First, concerning over-all frequency, age, and sex distribution, it is estab- 
lished that sliding hernia is more prevalent than rolling hernia, that it occurs 
with greatest frequency in middle-aged and elderly women, and is related also 
to obesity.'? In the 110 patients with symptoms of hiatus hernia, 81 had sliding 
hernia and 20 rolling hernia. In 4, a combination of the sliding and rolling 
varieties was present, and in 5 patients the type of hernia could not be deter- 
mined. The sex distribution was 53 females to 28 males with sliding hernia 
and 17 females to 3 males with rolling hernia. In the entire series the mean age 
was 63 years for females and 55 for males. Thirty patients were 70 years of 
age or older. 


TABLE IV. CLINICAL CHARACTERISTICS OF ANATOMIC TyPES: 110 CASES or H1atus HERNIA 








ANATOMIC TYPE l DYSPEPSIA | HEMORRHAGE | ANEMIA 
Sliding — 81 70 14 23 (55%) 
Rolling — 20 15 8 11 (28%) 
Combined — 4 4 1 1 
Unknown — 5 5 | 1 
Total — 110 94 24 36 











Second, concerning the clinical picture seen in the two types (Table IV), 
digestive symptoms predominated in both types occurring in 70 (85 per cent) 
of 81 patients with sliding hernia and in 15 (75 per cent) of 20 with rolling her- 
nia. Regurgitation occurred only in sliding hernia. However, anemia occurred 
twice as often in rolling hernia, 11 of 20 or 55 per cent, as in sliding, 23 of 81 or 
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28 per cent. Likewise, hemorrhage was found in 8 of 20 patients with rolling 
hernia or 40 per cent as compared to 14 of 81, or 17 per cent, of patients with 
sliding hernia. 


OPERATIVE MANAGEMENT AND RESULTS 


The indications for operative intervention in 48 eases are listed in Table 
III. Anemia constituted a primary indication for operation in 11 eases. 

The operative procedures used in the 43 patients, together with evaluation 
of the effects of operation, are shown in Table V. The results of operation in 11 
anemic patients are seen in Table VI. 


TABLE V. OPERATIONS AND RESULTS: 43 PATIENTS 








| TOTAL | ASYMPTOMATIC | IMPROVED | UNIMPROVED | LOST 
Phrenic nerve interruption 18 3 3 9 (1 death) 3 
33% ; 














Abdominal repair 





100% 


Thoracic repair 10 . 1 (1 death) 
93% 








Total é 17 





96% 





TABLE VI. OPERATIONS FOR ANEMIA IN HIATUS HERNIA: 11 PATIENTS 








PA- TYPE OF |HEMOGLOBIN RESULT FOLLOW-UP 
TIENT| AGE SEX HERNIA (GRAMS) OPERATION (HGB.-GRAMS ) (MONTHS) 


F Rolling Phrenic Unimproved 36 
F Sliding Phrenic Unimproved 12 
Sliding Phrenic Asymptomatic 10.0 12 
Sliding Phrenic Asymptomatic is 
Sliding Thoracic re- Died postop.; portal — 
pair hypertension 
Thoracic re- Asymptomatic 13.0 10 
pair 
Sliding Thoracic re- Asymptomatic 54 
pair Died: coronary 
Sliding 9. Abdominal Asymptomatic 12.2 48 
repair 
Rolling 5 Thoracic re- Asymptomatic 10.2 36 
pair 
Sliding : Thoracic re- Asymptomatic 15.6 24 
pair Died: meningitis 
Sliding p Thoracic re- Asymptomatic 10.2 24 
pair 





NAASNS 
oman cI oe 


“ag 
bo 


Combination 





Phrenic nerve interruption was followed by immediate clinical improvement 
in 12 of 15 patients followed, but only 6 remained improved whereas 9 had a 
return of symptoms. The impairment of ventilatory function was probably 
responsible for the death of 1 patient. 

In the 4 anemic patients treated by phrenic nerve interruption (Table VI), 
2 remain anemic and symptomatic 12 and 36 months after operation and 2 are 
improved, with anemia controlled, 7 and 12 months later. 
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H. H. (JWH 51-2201), a 76-year-old widow, was admitted with the complaint of a 
lifelong anemia. She had been treated with iron preparations which she tolerated poorly. 
There was no history of bleeding or gastrointestinal symptoms. Hemoglobin on admission 
was 4.6 grams, red blood cells 2.01 million, and hematocrit 17. Upper gastrointestinal x-ray 
studies revealed a hiatus hernia of the sliding type, approximately 11 cm. in diameter. She 
received 3,000 c.c. of whole blood prior to operation. The left phrenic nerve was sectioned 
in the neck. At time of discharge she was feeling well, hemoglobin was 12.6 grams, hemato- 
crit 40.. She was seen again 13 months later with no symptoms of hiatus hernia and 
hemoglobin 10.0 grams. 


While in aged patients, phrenic nerve interruption may be helpful in the 
control of esophagitis, our experience indicates that benefit is often temporary 
and that there is danger from phrenic operation in the presence of cardio- 
pulmonary disease. Furthermore, phrenic nerve interruption cannot be ex- 
pected to produce permanent control of hemorrhage or anemia. The advantage 
of phrenic interruption is that of a minor operation readily done under local 
anesthesia; it should be reserved for the occasional elderly patient with uncon- 
trolled symptoms who is considered unfit for hernia repair. 

The results of transabdominal and transthoracic repair are better than those 
of phrenic nerve interruption. The two methods of repair appear to produce 
clinically comparable effects and are about equally satisfactory. As indicated 
in Table V, all 25 patients subjected to hernia repair have been followed. Thus, 
of 24 patients surviving definitive repair, 17 were completely relieved of symp- 
toms of hiatus hernia for follow-up periods of 6 months to 5 years. Seven of 
the 24 were greatly improved after repair although still having occasional 
symptoms. In 1 patient, now 2 years after transthoracic repair, a small recur- 
rence of the hernia has been demonstrated although the original symptoms of 
esophagitis remain absent. 

Of the 6 patients with anemia who survived surgical repair (Table VI) 
all remain asymptomatic with a mean postoperative hemoglobin of 12.2 grams, 
ranging from 10.2 to 15.6 grams. Two patients died 24 and 54 months, respec- 
tively, after repair of diseases unrelated to hiatus hernia; up to the time of death 
in each case there had been no recurrence of anemia or other symptoms of 
hiatus hernia. 

* Transthoracic repair was followed in 1 patient by postoperative dehiscence 
of the diaphragmatic incision; after closure of the dehiscence the patient re- 
mains well 3 years after operation. 


COMMENT 


The oceurrence of anemia in 34 per cent of cases in this series is comparable 
to that reported by DeVito,t Johnson,'! Maurer,!* Murphy" and their associates, 
the incidence varying from 18 to 30 per cent. Clinical hemorrhage occurs with 
about equal frequency and was seen in 21 per cent of the patients in this study. 
Following an initial hemorrhage, bleeding can be expected to recur in one third 
of patients,® a fact which in itself indicates the frequent necessity for operative 
intervention, ; 
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The pathogenesis of anemia in diaphragmatic hernia supposedly involves 
blood loss,* 5-* 1% 16 1° either from esophageal mucosa eroded by regurgitating 
gastric juice or from gastric musosa eroded by virtue of its unwonted intra- 
thoracic position. However, our experience, together with that of previous 
observers,” 1* attests to the difficulty of demonstrating the ulcerative lesions 
in hiatus hernia. Furthermore, although the anemia found was of the hem- 
orrhagie or secondary type in all cases, the absence of clinical bleeding in 21 of 
36 anemic patients suggests that the etiology of the anemia may involve factors 
other than hemorrhage from simple peptic ulceration. These include achlorhy- 
dria, trapping of food in the supradiaphragmatie portion of the esophagus or 
stomach, and deficiency of the gastric factor which reduces trivalent to bivalent 
iron.’ 1* As suggested by Morey, nutritional iron deficiency may be respon- 
sible for anemia, especially in patients on prolonged ulcer therapy. 

The occurrence of anemia in rolling as well as in sliding hernia appears to 
implicate factors other than reflux esophagitis as the cause of ulceration and 
hemorrhage, since reflux of gastric juice into the esophagus probably does not 
occur in paraesophageal or rolling hernia. The recent studies of Hill,® in which 
pH and intraesophageal pressure were monitored above and below the cardia, 
revealed normal peptic conditions in the lower esophagus of patients with 
rolling hernia in contrast to the finding of pH values at peptic activity levels 
in the esophagus of patients with sliding hernia. This study demonstrates an 
even greater frequency of anemia in rolling hernia (55 per cent) than in the 
sliding type (28 per cent) with comparable differences in the occurrence of 
hemorrhage. 

The hemodynamic effect of subjecting the gastric wall to relatively negative 
intrathoracic pressures would appear a common denominator in all cases of hiatus 
hernia with hemorrhagic anemia. Stasis of gastric contents in the thoracic 
pouch of the herniated stomach is also common to both types of hernia and is 
favored by the reclining position. Thus, whenever the patient with hiatus hernia 
lies down, stomach contents are pulled into the chest ; in the ease of sliding hernia 
this means reflux into the esophagus; in rolling hernia, it means puddling of 
acid peptic juices in the fundus. 

Of the 36 anemic patients in this series, 25 were treated successfully with- 
out operation. In 11 patients requiring operation, anemia was controlled in 
the 6 who survived surgical repair and in 2 of 4 patients subjected to phrenic 
nerve interruption. In other words, in two thirds of patients anemia can be 
controlled by medical management. The remaining one third are refractory 
to medical therapy and can expect relief of anemia by hernia repair. Patients 
with uncontrolled anemia who are unfit for repair may be benefited, at least 
temporarily, by phrenic nerve interruption. 


THE TECHNIQUE OF OPERATIVE REPAIR 


For sliding hiatus hernia the principles of the Allison repair are twofold: 
(1) shortening and reattachment of the phrenoesophageal ligament at its normal 
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Fig. 1.—Allison repair. Exposure is shown through a left posterolateral thoracotomy in- 
cision, The transverse incision in the diaphragm is placed so as to avoid branches of the 


phrenic nerve. The mediastinal pleura is incised and flaps of pleura created to expose the 
lower esophagus and the crural muscles. 


Fig. 2.—Allison repair. The lower esophagus has been mobilized and encircled with tape. 
The elongated phrenoesophageal ligament together with the underlying peritoneum is incised 
and deep sutures placed through it along its attachment to the esophagus. 
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Fig. 3.—Allison repair. The hernia has been reduced by delivering the tape and the sutures in 
the phrenoesophageal ligament through the hiatus into the abdomen. 


Fig. 4.—Allison repair. Placement of crural sling sutures. Often two or three sutures 
are enough to reduce the size of the hiatus to normal. Exposure of the right or posterior limb 
of the crus is easier if this maneuver is done before the phrenoesophageal ligament is reattached 
below the diaphragm. 
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PHRENOESOPHAGEAL LIG. 
SUTURED TO DIAPHRAGM 
Fig. 5.—Allison repair. Attachment of the phrenoesophageal ligament to its new 


position beneath the diaphragm. Each suture penetrates the peritoneum and a portion of under- 
lying diaphragmatic muscle. 


or ea K : 
CRURAL 


Fig. 6.—Allison repair. Completion of the repair. The sutures in the crura are tied loosely to 
effect the sling and restore the hiatus to normal caliber. 
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infradiaphragmatic position resulting in restoration of the acute esophagogastric 
angle, and (2) closure of the esophageal hiatus by reapproximation of the 
muscle bundles of the right crus of the diaphragm. 

This repair can be effected successfully by either thoracic or abdominal 
approach. Preferentially the chest approach is used since it provides quick and 
easy exposure of the cardia, whatever its position may be, and direct access to 
the crural apparatus. On the other hand, it carries two inherent disadvantages: 
(1) an incision made in the dome of the diaphragm may weaken it, and (2) 
post-thoracotomy chest pain, in our experience, is temporarily crippling in 1 
out of 10 patients. Furthermore, in cases of obscure anemia or in the presence 
of concomitant abdominal disease, such as peptic ulcer or gallstones, the trans- 
thoracic operation invokes the possibility of a subsequent laparotomy. 

Our present thinking is that transthoracic repair is best whenever operation 
for hiatus hernia is required, except in patients with clear indications for other 
intra-abdominal procedures and in patients with obscure anemia, in whom there 
may exist a bleeding source other than hiatus hernia. 

The modified Allison’ technique currently used is illustrated in Figs. 1 
through 6. Attention is directed to two features regarded as simplifications. 
First, deep sutures are placed in the proximal rim of the phrenoesophageal 
ligament at the time of its division; this facilitates the orientation and infra- 
diaphragmatic reattachment of this structure subsequently (Fig. 2). Second, 
the crural-sling sutures are placed before fixation of the cardia below the dia- 
phragm rather than after (Fig. 4) ; thereby anterior retraction of the esophagus 
permits access to the right crural bundle without the risk of dislodging the 
reattached phrenoesophageal ligament. 

Sliding and rolling types of hernia can be repaired with equal facility by 
the two routes, the rolling type being simpler to handle by virtue of its normally 
placed cardia. A truly upside-down stomach, a rare consequence of para- 
esophageal hernia, is easier to reduce by transabdominal exposure; by this route, 
other herniated viscera, including spleen, transverse colon, and jejunum, are 
more easily replaced into the abdomen. 


SUMMARY 


Significant and, at times, profound anemia is frequently associated with 
hiatus hernia. In the present series of 110 patients with hiatus hernia disease, 
36 patients (34 per cent) were found to have hemoglobin values at anemic 
levels. Only 15 of the 36 anemic patients experienced hematemesis or melena ; 
in the remaining 21, or nearly two thirds, there was no clinical evidence of 
hemorrhage. 

Although the pathogenesis of anemia in lLiatus hernia is not entirely clear, 
it is most likely due to hemorrhage from ulceration of the esophagus as a result 
of reflux esophagitis in sliding hernia or from ulceration of the thoracic stomach 
in rolling hernia. 

Refractory anemia associated with hiatus hernia is susceptible to relief 
by surgical repair of the hernia, 
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When anemia with hiatus hernia requires surgical intervention in the 
presence of other gastrointestinal lesions, transabdominal repair is preferable 
to the usual transthoracic operation. 


We are indebted to Dr. Frank S. Johns, Dr. Donald 8. Daniel, Dr. William A. Johns, 
and to various members of the medical staff whose patients are included in this report. 
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EXPERIMENTS IN TRACHEAL RECONSTRUCTION 


Elliott Michelson, M.D., Robert Solomon, M.D., Lorenzo Maun, M.D., and 
Jose Ramirez, M.D., Baltimore, Md. 


2 te REPAIR of defects of the trachea is unique in that the reconstruction must 
not only be air tight, but the walls must be rigid and the lumen adequate. 
End-to-end anastomosis of tracheal ends is the best method of restoration but 
the limited elasticity of the wall does not allow excision of more than one third 
of the tracheal column.'*? Attempts.at elongating the trachea by incising the 
annular ligaments in the intereartilaginous spaces** are of limited value since 
the elasticity of the posterior membranous portion is not thereby increased. 
Autoplastie grafts of fascia lata and epidermis have been used to repair small 
window segments, but they give inadequate wall support in circumferential or 
large defects. A number of artificial materials have been used to maintain a 
rigid wall; these include steel and tantalum mesh.** ?% 75 Intraluminal tubes 
of Lucite, pelyethylene, glass, and steel have been used with success,* °° ?* but 
they must be left in permanently since the fibrous wall never achieves sufficient 
rigidity to maintain the flow of air through the reconstructed trachea. 

The problem of tracheal reconstruction has interested many investigators 
since Dupuytren (cited by Yasargil*’), in 1831, first attempted the plastic 
closure of a tracheal fistula. Short segments of the dog trachea were resected 
with end-to-end anastomosis by Gluck and Zeller in 1881.1* The larger defects 
defied a multitude of ingenious methods which included osteoperiosteal cutaneous 
flaps from the clavicle, sternum, and rib. 

Repair of a window defect in dogs using fascia lata was reported by Taffel 
in 1940.2° He noted epithelium covering the defect within 2 weeks and com- 
plete mucosal healing in 4 weeks. Taffel believed that cartilage rests developed 
in sufficient amount to produce a rigid wall but later work dispelled this opti- 
mistie view. ‘A variety of materials including aorta grafts,’* wire-spliced dermo- 
grafts,’* tantalum wire mesh,’ steel wire mesh,”! gelatin sponge,'* polyvinyl 
sponge,*® and bladder mucosa** have been used. These materials may be used 
in partial tracheal defects when there is sufficient epithelial bridge and blood 
supply to allow growth across the gap while the rigid material prevents collapse 
of the lumen. 

The problem of reconstruction following sleeve resection of the trachea is 
the subject of this paper. Methods of tracheal elongation in the dog and in 
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human autoptic material have been studied. Various types of homoplastie and 
plastic bridges have been used, the type of epithelial regeneration noted, and 
results evaluated. Since 1956, 56 experiments have been performed in the 
investigation of available methods of tracheal reconstruction. 


METHOD 


Healthy, adult kennel dogs, weighing 15 to 30 kilograms, were anesthetized 
with intravenous Pentothal and ventilation was maintained with an endotracheal 
catheter attached to an automatie cycle valve respirator.* The dogs were placed 
on the operating table in the supine position with the neck gently extended, 
skin shaved, cleaned, and the operation performed under sterile conditions. At 
the completion of the operation the dogs were returned to the kennel and no 
antibiotic or other postoperative care was given. 





Fig. 1—Dog 336. Sacrificed 6 months after operation. Ivalon cylinder free in granulomatous 
with obstruction of trachea at mucosal edge. 


1. Ivalon Bridge.—After resecting a sleeve of cervical trachea, containing 
5 to 7 cartilage rings, a cylinder of compressed Ivalon was sutured over the 
tracheal ends. This operation was uniformly unsuccessful because infection or 
obstruction by granulation tissue developed in all 5 dogs. 


Conclusion: The use of an externally placed prosthesis to bridge a tracheal 
defect always fails since epithelium will not grow within the prosthesis and 
granulations form at each end to eventually occlude the lumen. Fig. 1 shows 
the typical result following this procedure. The microscopic findings are illus- 
trated in Fig. 2. 

2. Ivalon and Polyethylene Sleeve.—A prosthesis composed of an inner and 
outer compressed Ivalon sheath with a centrally placed group of rings made of 
polyethylene was fashioned to simulate the corrugated elastic trachea. The 


*Emerson Animal Resuscitator, J. H. Emerson Company, Cambridge, Mass. 
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cylinder was sutured to the tracheal ends after resecting 8 cartilage rings. In 
all 5 dogs the results were unsatisfactory. No healing occurred in 3 and in 2 
the lumen was obstructed by granulations growing at the mucosal edge. 

Conclusion: Epithelium does not grow within the plastic tube. Attempts 
at healing at the tracheal ends lead to exuberant granulations with subsequent 
obstruction. 

3. Internal Ivalon and External Wire-Mesh Sleeves——A compressed Ivalon 
cylinder was telescoped into the tracheal ends after resection of 8 cartilage rings 
and was held in place with steel wire sutures. Wire-mesh was wrapped around 
the prosthesis and trachea. One month after operation the Ivalon cylinder was 





Fig. 2.—Dog 336. The type of fibrous union developing after 6 months is shown. The 
dark patches on the surface represent bits of squamous epithelium, although most of the surface 
is ge 77 granulation tissue. Catgut sutures appear at the bottom. (Hematoxylin and 
eosin, X2 


removed. In all 5 dogs, after removal of the Ivalon cylinder, the wire mesh was 
insufficiently rigid and motion of the neck led to buckling of the tube with ob- 
struction. Epithelium had completely lined the lumen. The use of the intra- 
luminal Ivalon cylinder prevents air leakage during the early postoperative 
period and allows early regeneration of epithelium. Cylinders of wire mesh 
placed outside of the tracheal wall are insufficiently rigid, produce buckling and 
luminal obstruction. 

4. Intraluminal Ivalon-Polyethylene Cylinder—A prosthesis composed of 
an inner and outer compressed Ivalon sheath with a centrally placed group of 
rings made of polyethylene was inserted into the trachea after resection of 7 
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to 10 rings and was held in place with a circular suture placed in the intra- 
cartilaginous groove. The prosthesis, prior to being placed into the trachea, 
was pliable and resembled the corrugated trachea. The results were poor, with 
2 dogs dying from infection and leakage around the tracheal ends. Three dogs 
developed obstruction due to granulation and 1 lived with good epithelization 
and without obstruction. The prosthesis after being in the neck for several days 
became infiltrated and rigid. The circular silk suture caused necrosis with 
leakage. The motion of the prosthesis produced granulation with obstruction. 
It was concluded from this experiment that the prosthesis for cireumferential 
defects must be telescoped and fit snugly within the tracheal lumen, must be 
adequately immobilized so that no granulations form as a result of friction- 
trauma, and cireular sutures should not be used. 





Fig. 3.—Dog 489. Sacrificed 2 months after operation. Eight cartilage rings resected, 
Lucite cylinder fixed by Hufnagel ring. Lucite cylinder completely covered by firm, slightly 
contracted, tube of fibrous tissue. Erosion with granulations at point of Hufnagel fixation. 
Note absorption of cartilage rings distal to rings. 


5A. Lucite Cylinders.—Lucite cylinders were placed within the trachea 
two rings above the resected edge and held in place by an externally applied 
Hufnagel polyethylene ring having 8 teeth. No other sutures were inserted and 
the tissues were closed loosely about the cylinder. Of the 4 dogs, 1 died of 
“hemorrhage from erosion by the ring, and 3 on sacrifice, 3 to 6 months later, 
showed air-tight anastomoses, but with granulations about the area of the tooth 
indentation through the mucosa. In 1 there was no reaction, and, in 2, granula- 
tions were of moderate degree. There was, in addition, absorption of the 
cartilage rings distal to the position of the Hufnagel ring. Fig. 3 shows the 
final results. 


5B. Lucite Cylinders.—In 9 dogs a Lucite cylinder was inserted within the 
trachea after resection of 8 to 10 rings and a modified Hufnagel ring was placed 
in the intercartilaginous groove, two cartilage rings above the tracheal ends. 
The ring was modified by narrowing its width and decreasing the number of 
teeth from 8 to 4. The results in general were good. In 1 dog the large ring 
eroded the skin. Infection developed in 2 and in 1 of these 2 the internal 
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eylinder fit poorly. In 5 the results were excellent with no granulation, erosion, 
or absorption of the distal cartilages (Fig. 4 A). Granulation tissue was present 


at the mucosa-tooth edge in only 1. 


_ Fig. 44.—Dog 608. Sacrificed 3 months after operation. Eight rings resected, Lucite 
cylinder fixed with modified Hufnagel ring. Fibrous sheath completely covering prosthesis. 
Hufnagel ring fixed firmly in place with no granulations present. Cartilage rings present 


distal to the modified Hufnagel rings. 


Microscopic view of regenerated squamous stratified epithelium (375). 


Fig. 4B.—Dog 608. 

The use of a Lucite cylinder telescoped within the trachea and held in place 
by a modified Hufnagel ring results in a tight fibrous epithelized pseudotracheal 
wall and minimal complications. The epithelium, however, is pseudostratified 
type and no evidence of cilia or mucous glands is present (Fig. 4 B). Secretions 
were found distally in all the dogs but there was no evidence of suppurative 


bronchitis or pneumonitis, 
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6. Colon and Jejunum Replacement.—A segment of colon in 2 dogs and 
jejunum in 2 other dogs was transplanted together with its blood supply into 
the neck, 8 rings of the trachea resected, and the bowel anastomosed to the 
trachea. The outer wall of the bowel was then reinforced with wire mesh in 
order to maintain a rigid lumen. The graft sloughed in all cases due to ob- 
struction of the blood supply or erosion by the wire mesh. 


7. External Wire Mesh With Intracartilaginous Groove Incisions—In order 
to elongate the trachea, maintain rigidity, and leave islands of ciliated epithelium 
for new growth, three intracartilaginous grooves were incised above and below 
a 12-ring sleeve resection. The cut ends of the trachea were then approximated 
with continuous fine steel and the entire tracheal wall was made rigid with an 
external layer of wire mesh. The surrounding cervical muscles were tightly 


Fig. 5.—Dog 689. Twelve cartilage rings. resected, intercartilaginous spaces above and 
below incised, and steel wire mesh wrapped about trachea. Dog died 2 months after operation. 
Specimen shows firm contracted fibrous sheath with obstruction by buckling of wire mesh. 


closed about the trachea. There was no air leakage in any case. The results, 
however, in all 4 dogs were poor because of incomplete epithelial replacement, 
and obstruction due to buckling of the wire mesh in the weakened intracarti- 
laginous spaces. Fig. 5 shows the typieal result. It is evident that widening 
or weakness in the membranous spaces of the trachea leads to-buckling stenosis 
and obstruction. 

8. External Wire Mesh, Groove Incisions, and Internal Polyethylene Tube.— 
The previous experiment was modified by inserting an intraluminal polyethylene 
tube to act as a temporary splint to the tracheal wall. In order to diminish 
tension at the anastomotic site, a Gebauer-type™ skin graft, spliced with fine 
wire, was inserted into the posterior membranous portion of the trachea. In 
all 6 dogs the results were extremely unsatisfactory. Contrary to Gebauer’s 
experience in small tracheobronchial defects, the skin grafts absorbed and the 
steel wire was found free in the lumen of the trachea. When the polyethylene 
tubes were coughed up after absorption of the catgut in 10 to 14 days the walls 
buckled and stenosis occurred. Stenosis occurred in 3 dogs, infection with dis- 
ruption of the anastomosis in 2, and disruption of the posterior dermal graft 
in 1. Fig. 6 shows a typical end result with the microscopic appearance in 
Fig. 7. 
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9. Elongation by Intracartilaginous Groove Incisions.—After resecting 12 
rings, the posterior wall was sutured with fine steel and the proximal and distal 
three intercartilaginous spaces were incised. No external prosthesis was applied. 
Obstruction occurred in all dogs due to the ingrowth of tissue within the inter- 


cartilaginous spaces. 


metric! svsteat 


Fig. 6.—Dog 765. Died 1 month after operation. Sleeve of 12 cartilage rings resected, 
intercartilaginous spaces incised (3 above and below), Gebauer-type graft sutured into 
posterior membranous wall. Photograph shows stenosis at site of graft which has absorbed, 
leaving steel wire within tracheal lumen. Note intact intercartilaginous spaces. 


Fig. 7—Dog 753. Indwelling tube was employed. The Figure shows the granulation tissue 
which has developed with no epithelization, (Hematoxylin and eosin, X150.) 
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It is concluded from experiments 7, 8, and 9 that weakness or disruption of 
the intereartilaginous space gives rise to buckling of the trachea and that an 
externally applied prosthetic will insinuate itself within this area. While a 
rigid eylinder of polyethylene externally applied will prevent this, epithelization 
will also not take place. It is noted that the reinforced dermal graft used so 
successfully by Gebauer in partial window defects of the trachea is of no value 
when there has been complete discontinuity of the trachea. 


10. Elongation of the Trachea.—In an effort to inerease the length of the 
trachea, the right main bronchus was freed by incising the right inferior pul- 
monary ligament, and resecting the left main bronchus at the carina. The left 
main bronchus was then anastomosed to the right bronchus intermedius. In 6 
dogs this type of tracheal elongation allowed resection of 12 tracheal rings and 
anastomosis without tension. Small air leaks at the suture line produced bi- 
lateral pneumothorax, lung collapse, and death in 4. In the remaining 2 the 
results have been excellent and follow-up at 6 months shows no evidence of 
stenosis or obstruction. 

The human trachea may be stretched + to 6 em. by mobilizing the cervical 
and intrathoracic portions and an additional 2.5 to 5 em. bridge may be obtained 
by freeing the right inferior pulmonary ligament and resecting the left main 
bronchus at the carina. Additional length can be secured by inserting a short 
Lucite cylinder prosthesis. Yasargil,27 in cadaver experiments, found the 
maximum permissible length for tracheal resection was + em. Rob*' stated that 
not more than 2 em. of trachea can be bridged without marked tension. Belsey’ 
believed that not more than 3 to 4 cartilage rings could be resected and still 
allow end-to-end anastomosis. Juvenelle’® resected the carina of a dog and 
sutured the trachea to the right main bronchus; similar experiments in tracheal 
anastomosis have been reported.* 1 1”: 1 1% 25 Barelay? found the trachea could 
be bridged 6 em. after proximal and distal mobilization. He recently reported 
the successful resection of a 5 em. tracheal segment in man with primary anas- 
tomosis. 

In human beings who have recently died, elongation of the trachea was 
measured after freeing the inferior pulmonary ligament and resection of the left 
main bronchus at the carina and application of one pound upward tension on 
the lower cervical trachea. In a small group under 50 years of age, the carinal 
site could be elevated 2.5 em. after the pulmonary ligament was ineised and 
5 to 6 em. after freeing the left bronchus from the carina. In the older group 
over 50, the trachea could be similarly elongated 1 em. and 2.5 em., respectively 
(Table I). 


TABLE I 








LENGTH OF TRACHEAL ELONGATION 
INFERIOR PULMONARY LEFT MAIN BRONCHUS 
NO. LIGAMENT INCISION RESECTED 


4 2.5 to 3 em. 5 to 6 em. 
4 1 to 1.5 em. 2 to 3 em. 
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DISCUSSION 


There are essential differences in the reconstruction of partial as against 
circumferential tracheal defects. In small window defects, semirigid material, 
such as wire reinforced by air-tight material such as fascia lata, skin, or even 
nylon cloth, has been used successfully in animals as well as in man. In large 
defects having only small islands of mucosa and in circumferential or sleeve 
resection, the problem of blood supply and mucosal regeneration is less happily 
resolved. While Rob and Bateman?! and Belsey? used wire with fascia lata 
with an intact strip of posterior membranous trachea there are few other suc- 
cessful reports noted.* * '° In our experiments with sleeve resection, the use 
of externally applied rigid material was invariably unsuccessful and it was only 
with tubes placed within the lumen of the trachea that good results were 
achieved. Similar results have been reported by Clagett?> using polyethylene 
tubes immobilized by steel wire sutures and by Morfit'’ using cylinders of poly- 
ethylene with Hufnagel rings. 

Internal prostheses made of such rigid materials as Lucite or polyethylene 
and held in place by a noneonstricting device, such as the modified Hufnagel 
ring, may be successfully used in the anastomosis of sleeve defects of the trachea. 
The cylinder should fit well and, if placed two rings above the tracheal ends, will 
allow for early, rapid epithelization with no absorption of the distal cartilaginous 
rings. The anastomosis will ensure an immediate air-tight closure and in the 
absence of motion of the ring or cylinder will heal without granulation cr ob- 
struction. If the rigid tube is too long, it may angulate, compress or ulcerate 
contiguous vessels and organs. The cylinder prosthesis must be considered a 
permanent measure. The use of semirigid materials, such as Ivalon, with al- 
ternating rigid rings to simulate the corrugated elastic trachea have been un- 
successful since the Ivalon becomes rigid within a short time. The absence of 
ciliated epithelium may prevent the adequate removal of tracheobronchial secre- 
tions. One can easily visualize the explosive force necessary to force secretions 
across a long smooth lining without ciliary help. The use of jejunum and colon 
grafts as a mucosal lining is doomed to failure because of the inability to make 
the wall of the graft rigid. The final solution of long circumferential defects 
must be dependent upon efforts to elongate the trachea. 

The trachea of the dog is much more elastic than that of man and one can 
perform an end-to-end anastomosis without tension after removing 8 or more 
cartilage rings. In man the cervical trachea is short, inelastic, and less than 
4 rings can be removed without marked tension. The incision of the annular 
ligaments within the intraecartilaginous space may allow for some elongation of 
the trachea although this will not inerease the length of the membranous portion 
of the wall. In Som’s experiments*®* the elongation was less than 1.6 em. by 
this maneuver. By mobilization of the trachea, Barclay’ was able to close a 
6 em. defect. Further elongation may be accomplished by resecting the right 
inferior pulmonary ligament and the left main bronchus at the carina. The 
right main bronchus ean then be elevated to the apex of the chest, anastomosed 
to the cervical trachea, and the left main bronchus sutured to the right bronchus 
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intermedius. One can, in this manner, remove 6 to 10 em. of trachea in the 
human being. If further bridging is necessary, the use of a short intraluminal 
plastie eylinder held in place by multiple sutures or modified rings should be 
successful. 


SUMMARY 


Tracheal reconstruction experiments on 56 dogs are reported. 

Window or partial defects of the trachea can be adequately repaired by the 
use of externally applied wire mesh covered by an air-tight material or by an 
intraluminal polyethylene patch. 

The circumferential resection of the trachea cannot be resolved as simply 
as those of partial defects. Artificial materials placed outside or sutured to the 
tracheal edges are uniformly unsuccessful. The use of an internally placed, 
well-fitting cylinder held immobilized by external Hufnagel rings satisfies the 
criteria of an air-tight closure, a rigid wall, an adequate lumen, early epitheliza- 
tion, and absence of granulation. .A long prosthesis is prone to angulate and 
ulcerate contiguous structures. The lack of ciliated mucosa or mucous glands 
makes removal of secretions difficult across a long plastic bridge. The best 
repair of circumferential defects is an end-to-end anastomosis of the tracheal 
edges. In the absence of sufficient elasticity the trachea may be progressively 
elongated by mobilization, freeing the right inferior pulmonary ligament, and 
resecting the left main bronchus at the carina. Any additional length may then 
be bridged by a short intraluminal plastie cylinder. 
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AN EXPERIMENTAL STUDY OF THE USE OF EXCHANGED 
CITRATED BANKED BLOOD TO PRIME AN 
EXTRACORPOREAL CIRCUIT 


Phyllis R. Ingram, M.D., James B. Littlefield, M.D., and © 
William H. Muller, Jr., M.D., Charlottesville, Va. 


het PROCUREMENT of fresh blood required for the conventional priming of 
extracorporeal circuits remains a serious problem. In addition, a bleeding 
hazard may be precipitated because of the mixed donor blood which is rapidly 
infused at the start of cardiopulmonary bypass. The following experimental 
study was designed to test the efficiency and advantages of stored acid-citrate- 
dextrose (ACD) banked blood utilized for an exchange transfusion with the use 
of the exchanged recipient’s heparinized blood for the immediate priming of 
the extracorporeal system. 


METHOD 


Experiments were carried out consecutively on 14 anesthetized intubated dogs. ACD 
blood from one or more donors, stored from 1 to 10 days in separate bottles, was used 
for the transfusion which was performed through cannulas inserted into the right femoral vein 
and left femoral artery (Fig. 1). Donor blood was not cross-matched with that of the 
recipient. The amount of blood exchanged varied from 500 c.c. to 1,000 ¢.c. and, in some 
cases, approached the total blood volume of the recipient. The rate of exchange varied 
from 17 minutes to 1 hour and 30 minutes. To ensure the maintenance of a relatively 
constant blood volume, 100 to 200 ¢.c. of blood was infused into the femoral vein and then 
100 to 200 e.c. of blood was withdrawn rapidly from the femoral artery into heparinized 
blood bottles until the desired amount of exchanged blood had been collected. If the ex- 
changed blood was in excess of the amount needed to prime the pump, the excess was drawn 
into citrated bottles for storage or postoperative transfusion. With the exception of 1 
animal, caleium gluconate was given in varying amounts and at different intervals in order 
to evaluate its qualitative and quantitative importance. 

Following the exchange transfusion, the pump was primed with the recipient’s ex- 
changed heparinized blood. A cannula was placed in the right femoral artery and the 
right chest was entered. The animal was then heparinized and caval cannulas were inserted 
through the right auricular appendage. Partial bypass was begun and, as the animal stabi- 
lized, the caval cannulas were occluded and total cardiopulmonary bypass was instituted 
for varying amounts of time (Table I). 

Electrocardiograms and continous arterial pressure recordings were made throughout 
the exchange and bypass. The effects of citrated blood infused at altering rates and in varying 
iti _ the Department of Surgery, University of Virginia School of Medicine, Charlottes- 
ville, a. 
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amounts on pressures and the electrical activity of the heart were observed and the response 
of these parameters to calcium gluconate was noted. 

Studies of the recipient’s blood were made before, during, and after exchange, prior 
to heparinization, during cardiopulmonary bypass, and postoperatively. Routine studies 
obtained in the first 8 animals included hemoglobin, hematocrit, red blood cell count, white 
blood cell count, platelets, clotting time, plasma proteins, fibrinogen, hemolysis, prothrombin 
time and, in 2 animals, arterial saturations. In the last 6 animals, only hemolysis, hemoglobin, 
hematocrit, and clotting times were studied. In 3 animals, citric acid levels were recorded 
before and during the exchange. In an additional 3 animals, the pH of the donor blood 
and the pH of the recipient’s blood during and following exchange were recorded. To 
ascertain the changes occurring in the blood: elements of stored citrated banked blood, 
samples of refrigerated ACD blood were studied in 3 animals at 1 day, 3 days, 5 days, 
and 10 days. Fibrinogen levels, white blood cell count, prothrombin time, and _ platelets 
were selected for study on these samples. 


100 cc. 
ACD Blood 


Femoral Vein 


TOTAL RANGE: TOTAL RANGE: 
500-1000 cc. 500-1000 cc. 
ACD BLOOD » WHOLE BLOOD 
IN 14 ANIMALS IN 14 ANIMALS 


Fig. 1.—This diagram illustrates the method of exchanging stored ACD blood for the re- 
cipient’s blood. 


The Clark high-flow bubble oxygenator was used in the first 4 animals, the Perry* 
laboratory bubble oxygenator in the next 4 animals, and a Perry* dise oxygenator with 
De Bakey roller pumps in the last 6 animals. Following exchange and prior to caval can- 
nulation, heparin (1 to 1.5 mg. per pound) was administered. At the completion of cardio- 
pulmonary bypass, the protamine for neutralization was given according to results of titration. 


RESULTS 


Table I summarizes the procedures and major findings in each of the 14 
animals. Of the 14 animals studied, there were 11 long-term survivors and 3 
deaths. Two of the 3 deaths (Dogs 405 and 714) were due to transfusion reac- 
tions which were detected immediately; however, it was eleeted to continue the 
experiment in order to observe the subsequent changes. The third death oe- 
curred in the first animal (360) in the series during the protamine titration at 
the completion of cardiopulmonary bypass when the cannulas were inadvertently 
withdrawn; before protamine could be given to neutralize the heparin still 
present, the dog exsanguinated. The remaining dogs did well postoperatively, 
woke shortly after the procedure, and were active on the first postoperative day. 


*Constructed by Boyd M. Perry, Technical Assistant, for use in the Research Laboratory. 
Department of Surgery, University of Virginia School of Medicine, Charlottesville, Va. 
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Pressure variations and electrocardiographie changes correlated closely with 
depletion of ionized calcium as judged by citrate elevation or rate of ACD 
blood infusion although direct measurement of total or ionized calcium was not 
made. Immediate increase of total pressure and pulse pressure on administra- 
tion of calcium gluconate was detected when the pressure gradually fell during 
the exchange (Fig. 2). 

In some animals, electrocardiographie changes were observed which have 
been reported to occur with depletion of ionized calcium. These changes con- 
sisted of flattening of the T-wave, inversion of the T-wave, and prolongation of 
the Q-T interval ; reversal occurred with the administration of caleium gluconate 
(Fig. 2). The rate of transfusion seemed to be an important factor in determin- 
ing whether or not tetany, electrocardiographie and pressure changes occurred 

















Fig. 2.—The three separate electrocardiogram recordings from animal 716 show from 
upper left-to-right—first, base line electrocardiogram:; second, the effect of calcium depletion, 
flattening of the T wave, prolongation of the Q-T interval; and, finally, the return toward the 
base line recording after calcium gluconate administration. Below, the arterial pressure 
tracings demonstrate the increase in pulse pressure and pressure in the same animal after ad- 
ministration of calcium gluconate. 


during exchange. For example, in Dog 360 in which 550 ¢.e. of banked blood 
was exchanged over 75 minutes, 2 ¢.c. of 10 per cent calcium gluconate was 
administered and there was no evidence of tetany. However, in Dog 719 in 
which 600 ¢.c. of blood was exchanged in 17 minutes, convulsions, pressure 
changes, and electrocardiographic changes occurred which were promptly re- 
lieved by 10 e.c. of 10 per cent calcium gluconate at the end of exchange (Fig. 2). 

In animal 719 (B) (1 of 3 in whieh eitrie acid levels were obtained before, 
during, and after exchange) the correlation between rate of infusion and blood 
level of citric acid can be seen (Fig. 3). Dog 723 (A) had an exchange trans- 
fusion of 1,000 ¢.c. in 24 minutes and, although convulsions did not occur, the 
citric acid level was above that seen in animal 695 (C) in which the exchange 
of 1,000 ¢.c. took place over a 44-minute interval and electrocardiographie and 
pressure changes were present (Fig. 3). In Dog 719 (B) in which 600 e.c. of 
blood was exchanged over a 17-minute period, blood citric acid reached the highest 
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CITRIC ACID 
Mg. PERCENT 


End of exchange | 

i 
-1000 cc. of freshly drawn ACD blood —weight 26 pounds-—! donor 
B- 600 cc. of freshly drawn ACD blood—weight 24 pounds —! donor 
C-l000 cc. of 24 hour old ACD blood—weight 30 pounds —! donor 


| Calcium Gluconate 














T T T 
10 20 30 
BEFORE TIME IN MINUTES DURING EXCHANGE 


Fig. 3.—This illustrates the citric acid changes occurring in 3 animals. 
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End of exchange 











A—550 cc. of 24 hour old ACD blood — weight 25 pounds —! donor 
B—I000 cc. of 3 day old ACD blood— weight 26 pounds — 2 donors 


C—800 cc. of IO day old ACD blood— weight 44 pounds — 2 donors 














t T T T T T T T 1 
° 10 20 30 40 50 60 70 80 
RECIPIENT 
SONOR BLOOD BEFORE TIME IN MINUTES DURING EXCHANGE CHEST OPEN 
EXCHANGE BEFORE PUMP 


Fig. 4.—This illustrates the pH changes ocurring in 3 animals. 
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level of 86 mg. per cent even though 10 e.c. of calcium gluconate was given 
(Fig. 3). These studies indicate that the citric acid levels reflect inversely the 
drop in serum ionized calcium. 

There was marked improvement in pH of exchanged blood as compared with 
stored donor blood (Fig. 4). For Dog 360 (A) with a pH of 7.40, the donor blood 
from 1 animal was 24 hours old with a pH of 6.65; during exchange, pH studies 
on this animal were recorded at 7.31 after 250 ¢.e. of blood, 7.32 after 400 c¢.c., 
and 7.35 after 500 ¢.c.; at the completion of a 550 ¢.c. exchange, the pH was 7.32 
(Fig. 4). Two units of donor blood had a pH of 6.67 and 6.58, respectively, 
and were used in animal 368 (B) which had a pH of 7.48 before the start of 
the exchange, 7.27 during exchange, and 7.30 following the 1,000 ¢.c. exchange 
(Fig. 4). In animal 378 (C) with an initial pH of 7.29, each unit of donor 
blood was 10 days old and the pH was, respectively, 6.52 and 6.48; after 500 c.c. 
of exchange, the pH was 7.17; after completion of the 800 ¢.c. exchange the pH 
of the recipient was 7.19 (Fig. 4). Thus, the blood pH of the exchanged blood 
was markedly improved over the stored donor blood in each instance. 


TABLE II. SToRED BLOopD 








BOTTLE | FIRST THIRD FIFTH ° 
NUMBER | DAY DAY DAY 
Fibrinogen (mg. %) 
400 408 424 408 
525 542 558 575 
267 275 292 292 


White Blood Cells (mm.3) 
if 13,400 13,400 14,000 13,200 
2 9,500 9,600 10,000 10,000 
3 9,000 9,200 10,000 10,400 





Prothrombin Time Sec. (Control 10) 
1 10.5 10.5 k 13.5 
2 10.5 10.5 : 13.0 
3 9.5 9.5 i 11.0 


Platelets (mm.3) 
118,553 62,390 = 47% decrease 50,680 52,360 = 56% total decrease 
255,930 231,200 = 9% decrease 257,040 218,460 = 9% total decrease 
325,230 185,110 = 43% decrease 179,170 181,600 = 44% total decrease 





Studies of hemoglobin, hematocrit, red blood cells, and white blood cells in 
the first 8 animals showed no changes other than the expected variations oc- 
eurring during extracorporeal circulation. There was always a drop in platelets 
after exchange and the typical further drop after bypass. A notable drop in 
platelets occurred on the third, fifth, and tenth days in the selected three samples 
of stored blood (Table II). The changes in fibrinogen levels were inconsistent 
and, in some cases, were higher at the end of the experiment and, in other cases, 
lower. The clotting and prothrombin times were increased as anticipated during 
bypass but tended to return to normal after bypass. With the exception of the 
2 animals which demonstrated a transfusion reaction, the hemolysis remained 
within acceptable limits (32-260). 

The results of the studies on stored blood taken at specified intervals is 
shown in Table II. The fibrinogen levels remained essentially the same. By the 
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tenth day, the prothrombin time was increased in all samples. The platelets 
showed a marked drop in the first 3 days and thereafter a gradual decrease was 
apparent. 


DISCUSSION 


Aside from the obvious practical advantage afforded by the use of exchanged 
banked blood to prime the extracorporeal cireuit, we believe that the physiologic 
advantage it offers in not subjecting a patient to sudden massive mixed donor 
transfusion under anesthesia is one of considerable import. It has been pointed 
out that the simultaneous use of a number of units of blood inereases the inci- 
dence of minor foreign antigens to which the patient is exposed in comparison 
to ordinary transfusion. Apparently subclinical antibody formation, in response 
to stimuli by antigens commonly ignored in transfusion therapy when blood 
from only one donor is introduced at one time, assumes far more importance 
when a mixture of blood from multiple donors is used. Also, if a transfusion 
reaction occurs at the initiation of cardiopulmonary bypass while the patient 
is anesthetized, it can be recognized only by a rise in plasma hemoglobin and, 
perhaps, by a bleeding syndrome postoperatively. Since a rise in plasma hemo- 
globin and a postoperative bleeding syndrome can occur for other reasons 
following heart-lung bypass, differential diagnosis of a transfusion reaction as 
opposed to other complications is difficult unless these changes oceur to a much 
greater degree than usual. These problems may accentuate the changes oc- 
casioned by the trauma of extracorporeal bypass. Hence, one cannot ignore the 
advantages of an exchange while the patient is awake and receiving blood from 
only one donor at a time. To date, the extent and methods of compatibility 
testing vary when heparinized mixed donor blood is used. However, the methods 
now used involve considerable expenditure of time and present additional possi- 
bility for error. These hazards can be eliminated by this exchange method since 
separate units of donor serum and cells need not be checked against each other 
but merely against the recipient’s blood. 

The exchange transfusion with ACD blood ean be administered at rates 
usually deemed acceptable in ordinary transfusion. At these rates, the citric 
acid level does not become elevated. Mbollison,' as quoted by Dixon,’ stated: 
‘‘In the adult it appears safe to ignore citrate toxicity until a dose of 5,000 c.e. 
of citrated blood an hour is exceeded.’’ Dixon? adds that this could not be 
tolerated for very long. This indicates a wide margin of safety when one con- 
siders that 1,000 ¢.c. an hour is considered a maximum safe rate of infusion of 
citrated blood in man. Adams,’ in his experimental work, reported in 1944 that 
when bleeding and citrated blood transfusions were performed simultaneously, 
an average of 112 per cent of the estimated blood volume was exchanged during 
a period of 70 minutes before the animal died. This, he estimates, would ecor- 
respond to a transfusion of 7,840 ¢.c. of blood given during the same period to a 
man weighing 70 kilograms. When the rate of bleeding and transfusion was less 
rapid, a larger volume was exchanged without reaction. Nakasone and his eo- 
workers* elaborated upon the electrocardiographic changes observed when the 
citric acid level reached proportions resulting in severe depletion of the ionized 
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calcium. These consisted of progressive prolongation of the QT interval and 
QT-PT ratio, progressive depression of the T wave (inverted in the control) 
and late reduction in P-wave voltage. With the simultaneous administration of 
Ca Cl., these changes could be prevented. 

McKay and associates’? quote Friesen and Nelson in a report of 7 patients 
with massive hemorrhage associated with blood transfusion first manifested when 
the incision was made at operation. In only 1 of the 2 who survived was it 
demonstrated that the blood was incompatible. Intravascular clotting has been 
mentioned as a factor resulting in a hemorrhagic tendency. It has been stated 
that the actual precipitating factor is possibly agglutination and partial destruc- 
tion of blood platelets with formation of thromboplastin which establishes the 
tendeney to coagulation. Bleeding can occur when all routine clotting factors 
are in order and no fibrinolysins can be detected. 

It would appear that it is not always necessary to employ calcium gluconate 
for coverage of citrate. As discussed by LeVeen and his colleagues,® citric acid 
is readily metabolized but, if the rate of infusion exceeds a reasonable one, then 
calcium must be given for the body cannot metabolize the citrie acid sufficiently. 
In the event of rapid infusion, calcium gluconate must be increased accordingly. 

With regard to the importance of the pH of blood used for priming extra- 
corporeal circuits, it is known that, during the pumping procedure, there is 
progressive metabolic acidosis. Utilizing the conventional method of obtaining 
heparinized blood to prime an extracorporeal circuit, Callaghan and his asso- 
ciates’ pointed out that metabolic acidosis occurs due to anaerobic glycolysis in 
the donor blood during the elapse between withdrawal from the donor and the 
actual transfusion. The fact that only 12 to 35 per cent of the patient’s original 
blood remains after bypass suggests the importance of assessing the anion cation 
content of the donor blood. In their studies, pH measurements on blood drawn 
in the same manner as for bypass showed that the mean pH of eleven samples 
fell from 7.53 to 7.42 at the end of 4 hours. However small this pH fall may 
be, the underlying accumulation of lactate due to anaerobic glycolysis is ap- 
proximately 16.5 mg. per 100 ¢.c. of blood per hour of ineubation at 37.5° C. 
These authors believe that the lactate from the donor blood, in addition to the 
acid metabolites accumulated during low tissue perfusion, may contribute to 
the increase in anion content of the extracorporeal circuits. Using the method 
herein described with minimal lapse of time between procurement of blood and 
the priming of the pump, the interval is not great enough to affect a drop in 
pH. As shown in our studies, the exchange of stored ACD blood which had 
an initial low pH resulted in a rise of the pH to satisfactory levels. 


SUMMARY AND CONCLUSIONS 


An experimental study was carried out in 14 dogs to evaluate the effective- 
ness and safety of a method utilizing stored ACD blood for an exchange trans- 
fusion and immediate priming of an extracorporeal circuit with the exchanged 
blood. Studies of blood elements, including pH and citric acid levels, were car- 
ried out and electrocardiographie and arterial pressure changes were recorded. 





rg PRIME FOR EXTRACORPOREAL CIRCUIT 769 
une, ) 

With this method, banked ACD blood ean be utilized for extracorporeal 
surgery. Hence, blood is available at all times. In addition, it appears that 
blood procured in this fashion is safer since, in essence, the blood which primes 
the circuit is the patient’s own. 


The authors wish to acknowledge the technical assistance of Mrs. Mary Elizabeth 


Garrard. 
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THE EFFECT OF ACETYLCHOLINE ARREST ON VENTRICULAR 
CONTRACTILE FORCE WITH CARDIOPULMONARY BYPASS 


Edward F. Parker, M.D., James R. Stilwell, Jr., M.D., 
Gilbert B. Bradham, M.D., James M. Tenney, M.D., 
and Thomas D. Darby, Ph.D., Charleston, S.C. 


Ww PREVIOUS publications," 2 it was reported that there was no statistically sig- 
nificant change in ventricular contractile force after potassium citrate-induced 
arrest in association with cardiopulmonary bypass and right ventriculotomy in 
those cases in which ventricular fibrillation did not develop. Because of the 
relative high incidence of ventricular fibrillation, however, it was desired to test 
other cardioplegic agents in order to avoid this possible complication in the use 
of elective cardiac arrest in association with cardiopulmonary bypass for open 
cardiac operations. In view of the favorable reports of Lam and his associates,* * 
concerning the use of acetylcholine as a cardioplegic agent, this drug was chosen 
for study. In these reports, a low incidence of ventricular fibrillation was cited, 
as compared to that occurring with potassium citrate. However, other investi- 
gators have encountered a high incidence of ventricular fibrillation during the 
resuscitative phase after the use of acetylcholine.*® 

The present study was made to determine the efficacy of acetylcholine as a 
cardioplegic agent and to determine its influence on the ventricular contractile 
force during and after recovery from the arrest. 


METHODS 


A total of nine experiments were carried out. 

Mongrel dogs, weighing between 12 and 16 kilograms, were used. There was no pre- 
operative medication. Intravenous Pentothal was used for anesthesia. The basic principles 
for cardiopulmonary bypass, as reported by DeWall and co-workers,1° were generally fol- 
lowed. The procedures were carried out through a bilateral transverse thoracotomy in the 
fourth intercostal spaces. The venous cannulae were introduced into the superior and in- 
ferior venae cavae through incisions in the right atrial appendage. The arterial cannula was 
placed in a femoral artery. A DeWall-type bubble oxygenator (Brunswick model) and 
TM 2 Sigmamotor pumps were used. 

A polyethylene catheter was placed in the opposite femoral artery for measurement of 
blood pressure, using a Statham pressure transducer. 

Right ventricular contractile force was measured with a Walton-Brodie strain gauge 
arch.11, 12,13 The two bases of the arch were attached to the myocardium by sutures. The 
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strip of muscle between the two sutures was stretched by approximately 35 per cent of its 
initial end diastolic length. Therefore, the initial length and tension of the strip of muscle 
under measurement were fixed, permitting measurements of isometric tension. The arch 
represented one arm of a Wheatstone bridge and a Sanborn carrier wave preamplifier. The 
amplitude of the recording was proportional to the force applied by the myocardium beneath 
the two bases of the arch. In addition to the right ventricular contractile force, the systemic 
arterial blood pressure and, in some cases, the electrocardiogram were monitored simul- 
taneously on a multichannel Sanborn recorder. 

After the animal was placed on cardiopulmonary bypass, acetylcholine was injected 
into the ascending aorta proximal to an occluding noncrushing forceps. The dosage of 
acetylcholine used was 10 mg. per kilogram of body weight. The forceps was left in place 
for 10 minutes. After the injection of acetylcholine, a right ventriculotomy incision, approxi- 
mately 4 cm. in length, was made. Ten minutes after the injection of the acetylcholine, the 
occluding forceps on the aorta was removed. The ventriculotomy incision was repaired, using 
5-0 atraumatic arterial silk. The repair of the ventriculotomy incision was made only when 
and after the ventricular contractile force appeared to have returned to an effective level. 


RESULTS 


Complete cardiac arrest never occurred for more than 2 consecutive minutes. 
Generally, there was a marked bradyeardia throughout the 10-minute period 
and for varying periods thereafter. At the beginning of the period of aortic 
occlusion, the force of the contractions was usually less than 5 per cent of the 
control. In 8 dogs, the ventricular contractile foree returned to an average of 
33 per cent of control by the end of the 10-minute period. In the remaining 


dog, the contractile force remained at 0, and the dog died without ever regaining 
any cardiac action. 

In 8 dogs, following removal of the aortie clamp, the ventricular contractile 
foree returned to an average of 51 per cent of control and the cardiopulmonary 
bypass was discontinued. In 1 of the 8 dogs,’ a normal sinus rhythm was re- 
sumed. In 7 of the 8 dogs, ventricular fibrillation developed. In 3 of the 7 
dogs, all attempts to alter the rhythm were unsuccessful and the dogs died. In 
4 of the 7 dogs developing ventricular fibrillation, the rhythm was reverted to 
normal sinus with electroshock. In these 4 dogs in which the ventricular fibrilla- 
tion was reverted to a normal sinus rhythm, and in the dog that maintained a 
nermal sinus rhythm without having developed ventricular fibrillation, death 
occurred in the immediate postoperative period as the result of a progressively 
decreasing ventricular contractile foree and cardiae dilatation. 

Fig. 1 illustrates a typical result obtained in 8 of the 9 animals studied. 
Prior to cardiopulmonary bypass, the blood pressure was 108/68 mm. Hg. The 
contractile force was 20 mm. which represents about 40 Gm. of foree. At zero 
time, the extracorporeal perfusion was started and the contractile force promptly 
dropped to an average of 15 mm., a 25 per cent decrease. The average decrease 
in contractile force for the group was 7.5 per cent. The mean arterial pressure 
while on bypass was 112 mm. Hg, although mean arterial pressures for the rest 
of the group varied between 50 to 120 mm. Hg. With the injection of acetyl- 
choline, there occurred an incomplete arrest, the arrest was of short duration 
and in no case lasted for the total period of aortic occlusion. Bradyeardia was 
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a constant finding. At plus 9 minutes, the contractile foree was 4 mm. or 20 

per cent of control. With the release of the aortic clamp, the ventricular con- 
tractile force was 10 mm. or 50 per cent of control. 

Fig. 2 illustrates the events which occurred in 4 of the 7 dogs developing 
ventricular fibrillation after release of the aortic clamp. The cardiae rhythm 
was converted to a normal sinus rhythm by the use of electrical shock. Even 
though the rhythm was normal sinus, the contractile foree was markedly de- 
creased. This same marked decrease in the contractile foree was also observed 
in the dog which did not develop ventricular fibrillation after the release of 
the aortie clamp. 


DISCUSSION 


These results obtained with acetylecholine-induced cardiae arrest can be 
compared with the observations noted after potassium citrate-induced cardiac 
arrest in the dog and in the human being. In 14 dogs in which similar observa- 
tions were made, after potassium-citrate arrest, 4 of the 14 dogs developed 
irreversible ventricular fibrillation. In human beings, ventricular fibrillation 
also developed in 4 of 10 eases. 

In another series of dogs observed after potassium citrate-induced cardiac 
arrest,’ only 2 of 9 dogs resumed a normal sinus rhythm with an effective beat 
following restoration of normal coronary blood flow. In 3 of the 9 animals, 
ventricular fibrillation developed. In only 1 of these 3 animals was it possible 
to restore a normal sinus rhythm with an effective beat. In the remaining 4 
of the 9 degs, a normal sinus rhythm was resumed, but the beat was ineffective. 

Aortie occlusion alone was used during cardiopulmonary bypass in another 
series of 9 animals.'* None of these dogs developed ventricular fibrillation or 
an ineffective beat after 5 minutes of occlusion. It was considered significant 
among these observations that, in addition to the high percentage of dogs which 
developed ventricular fibrillation in association with potassium and acetylcholine 
arrest, there was an equally high pereentage which presented such a weak con- 
tractile force that, even though the rhythm was normal sinus, the subjects died 
because of failure of the heart to resume an effective beat. 

We have no satisfactory explanation for these results, but among the pos- 
sible explanations are the following: 

The ventricular contractile force returned to approximately 80 per cent 
of control in 3 to 5 minutes following the use of potassium citrate and only 
to approximately 50 per cent of control in the same length of time when acetyl- 
choline was used as a cardioplegic agent. Ventricular fibrillation occurred in 
both series, the incidence being higher with the use of acetylcholine. Possibly, 
the sudden overloading of the ventricles during this pericd of relatively acute 
myocardial failure was a precipitating factor in the production of fibrillation. 

The effects of acetylcholine on auricular and ventricular muscle have been 
reviewed by Brooks.’° While the transmembrane potentials of the dog ventricle 
are not affected by acetylcholine or vagal stimulation, the action of this agent 
on auricular tissue could largely be due to an increase in the resting potassium 
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Fig. 1—Recordings of the right ventricular contractile force and the systemic arterial 
blood pressure before, during, and after acetylcholine-induced cardiac arrest in association with 
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g. 2.—Recordings of the systemic arterial blood pressure and the right ventricular con- 
tractile force before, during, and after acetylcholine-induced cardiac arrest in association with 
cardiopulmonary bypass. Note marked decrease in ventricular contractile force after restora- 
tion of normal sinus rhythm. 
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conductance leading to a slowing of pacemaker activity and possibly to an in- 
erease in the rate of repolarization of auricular fibers. It is well known that 
an inerease in the cell membrane permeability to potassium greatly increases 
the vulnerability of the muscle. Thus the potassium content of arterial and 
venous blood before and after acetylcholine arrest should be evaluated. 

In practically all of our animals, a metabolic acidosis was present after 
discontinuance of the cardiopulmonary bypass. We consider that this sudden 
shift in blood pH may play a large part in the development of ventricular 
fibrillation.*® 

All of these factors are worthy of consideration when the etiology of ven- 
tricular fibrillation is being discussed and are in need of further study. 


SUMMARY 


In summary, the effect of acetylcholine-induced cardiac arrest was studied 
in 9 dogs in association with cardiopulmonary bypass and right ventriculotomy. 
Acetylcholine in the dosage of 10 mg. per kilogram of body weight was used. 

Complete cardiac arrest never occurred for more than 2 consecutive minutes. 
The ventricular contractile force, however, was markedly decreased during the 
period of aortic occlusion. 

In 8 dogs surviving the cardiopulmonary bypass, a normal sinus rhythm 
was resumed in only 1. In 7 of the 8 dogs, ventricular fibrillation developed. 
In 4 of the 7 dogs in which it was possible to revert the rhythm to normal sinus, 
and in the dog maintaining a normal sinus rhythm, death occurred because of 
progressively decreasing ventricular contractile foree and cardiac dilatation. 

Comparative results obtained in previous experiments with potassium citrate 
in the dog and in the human being are reviewed. Possible causes of this high 
percentage of ventricular fibrillation and acute cardiae failure are discussed. 

Acetylcholine as a cardioplegic agent in dogs is not a satisfactory agent 
under the conditions of the experiments described. 


REFERENCES 


1. Lee, W. H., Jr., Darby, T. D., Ashmore, J. D., and Parker, E. F.: Myocardial Con- 
tractile Force As a Measure of Cardiac Function During Cardiopulmonary Bypass 
Procedures, 8. Forum 8: 398, 1957. 

2. Darby, T. D., Parker, E. F., Lee, W. H., Jr., and Ashmore, J. D.: The Influence of 
Cardio-pulmonary Bypass With Cardiae Arrest and Right Ventriculotomy on Myo- 
cardial Contractile Force, Ann. Surg. 147: 596, 1958. 

3. Lam, C. R., Gahagan, T., Sergeant, C., and Green, E.: Clinical Experiences With Induced 
Cardiac Arrest During Intracardiac Procedures, Ann. Surg. 146: 439, 1957. 

4, Lam, C. R., Gahagan, T., Sergeant, C., and Green, E.: Induced Cardiac Arrest as an Aid 
in Open Heart Operations, J. Michigan State M. Soc. 57: 49, 1958. 

. Burn, J. H.: Acetylcholine and Cardiae Fibrillation, Brit. M. Bull. 13: 181, 1957. 

. Moulder, P. V., Thompson, R. G., Smith, C. A., Siegel, B. L., and Adams, W. E.: Cardiac 
Surgery With Hypothermia and Acetylcholine Arrest, J. THorRAcic Sura. 32: 360, 
1956. 

7. Bjork, V. O.: Brain Perfusion in Dogs With Artificially Oxygenated Blood, Acta chir. 
scandinav. 96: 137, 1948. 

8. Lillehei, C. W., Gott, V. L., DeWall, R. A., and Varco, R. L.: The Surgical Treatment 
of Stenotic or Regurgitant Lesions of the Mitral and Aortie Valves by Direct Vision 
Utilizing a Pump-Oxygenator, J. THorAcic Sura. 35: 154, 1958. 

9. Berman, E. J., Taylor, M. T., and Fisch, C.: Experimental Prevention of Ventricular 
Fibrillation Following Hypothermia and Induced Cardiac Arrest, J. THoRAcIC Sura. 
35: 483, 1958. 


ao 

















Vol. 41, No. 6 ACETYLCHOLINE ARREST Ti 
June, 1961 
10. DeWall, R. A., Warden, H. E., Read, R. C., Gott, V. L., Ziegler, N. R., Varco, R. L., and 


nie 


13. 


14. 


16. 


Lillehei, C. W.: A Simple Expendable Artificial Oxygenator for Open Heart Sur- 
gery, S. Forum 4: 24, 1953. 

Boniface,. K. J., Brodie, O. J., and Walton, R. P.: Resistance Strain Gauge Arches for 
Direct Measurement of Heart Contractile Force in Animals, Proc. Soc. Exper. Biol. 
& Med. 84: 263, 1953. 


. Cotten, M. deV.: Circulatory Changes Affecting Measurements of Heart Force In Situ 


With Strain Gauge Arches, Am. J. Physiol. 174: 365, 1953. 

Cotten, M. deV., and Bay, E.: Direct Measurement of Changes in Cardiae Contractile 
Force: Relationship of Such Measurements to Stroke Work, Isometric Pressure 
Gradient and Other Parameters of Cardiac Function, Am. J. Physiol. 187: 122, 1956. 

Nunn, D. D., Belisle, C. A., Lee, W. H., Jr., and Parker, E. F.: A Comparative Study 
of Aortic Occlusion Alone and of Potassium Citrate Arrest During Cardiopulmonary 
Bypass, Surgery 45: 848, 1959. 


. Brooks, C. McC., Hoffman, B. F., Suckling, E. E., and Orias, O.: Excitability of the 


Heart, New York and London, 1955, Grune & Stratton, Inc. 

Darby, T. D., Aldinger, E. E., and Thrower, W. B.: Effects of Metabolic Acidosis on 
the Ventricular Isometric Systolic Tension Response to Epinephrine and Levarterenol, 
Circulation Res. (To be published). 

















ALTERATION OF CARDIAC OUTPUT DURING 
INDUCED HYPOTENSION 


W orthington G. Schenk, Jr., M.D.,* and 
Albert D. Menno, M.D., Buffalo, N.Y. 


M* surgical procedures could be accomplished with greater safety for the 
patient and more technical ease for the surgeon if they could be carried 
out during a period of reduced intra-arterial pressure which was, in itself, no 
hazard to the patient. Trial of such induced hypotension has been made during 
the course of the Lempert fenestration operation, approach to arterial aneurysms, 
and extensive abdominal and pelvic resections, to mention only a few. The 
results of such trials would seem to be inconclusive and this surgical adjuvant 
is neither generally accepted nor conclusively condemned. A perusal of the 
literature in this field leads these authors to agree entirely with the observations 
of Little when he states in his monograph on controlled hypotension: 


It has been a source of considerable amazement that so many anes- 
thesiologists and surgeons, trained to abhor and combat any deviation 
from normotension, should so suddenly embrace the reactionary phi- 
losophy of deliberate hypotension. <A source of even greater amazement 
has been the fact that they have done so in the face of a glaring lack 
of fundamental investigation into the profoundly disturbed physiology 
that is inherent in these technies.* 


This paper reports the findings from an experimental study aimed at the 
determination of alterations in cardiac output and its distribution during hypo- 
tension resulting from controlled hemorrhage and from ganglionic blockade, 
both of which modalities have been used for induction of ‘‘controlled hypo- 


tension’’ in patients. 


METHODS 


Under minimal intravenous sodium pentobarbital anesthesia, left thoracotomy was per- 
formed in 12 adult mongrel dogs. The brachiocephalic and left subclavian arteries, as well 
as the descending aorta just distal to the left subclavian artery, were freed from pleural 
attachments to permit access for flow determinations. Arterial blood pressure was con- 
tinuously recorded from an inlying catheter placed in a femoral artery and attached to a 
capacitance bridge manometer. Ventilation was accomplished by a piston-type automatic 
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ventilator which produced a plus 15 to minus 3 em. of water pressure variation at a rate 
of 30 cycles per minute. Flow determinations were made periodically on the three arterial 
trunks described, whose total equals the left ventricular output less coronary flow as previously 
described. These flow measurements were made by the use of the square-wave electromag- 
netic flowmeter as described by Denison and Spencer.1 At least two control flow determina- 
tions were made in each experiment and the animal was not accepted in the experimental 
group unless the control values for both pressure and flow agreed with a deviation of + 7 
per cent. or less from one another. 

Following the control measurements, hypotension was induced either by: (1) hemor- 
rhage, 20 to 30 e.c. per kilogram of body weight, over a 5-minute interval, or (2) ganglionic 
blockade produced by Arfonad infusion in concentrations ranging from 0.05 to 0.125 mg. 
per cubic centimeter by a Bowman constant infusion pump into a femoral vein over a 1-hour 
interval. 

The size of the hemorrhage and the infusion rates of Arfonad were selected in an 
attempt to approximate an initial 50 per cent reduction in mean arterial blood pressure from 
the control value. 

Simultaneous pressure and flow recordings were made at 20-minute intervals during the 
first hour after induction of the hypotension. 

Infusion of Arfonad was begun at a rate of 0.5 ¢.c. per minute and then gradually 
increased as required by the behavior of the drug to maintain an hypotensive level. 

Postural tilt was not used in this study because of the profound effects previously ob- 
served from tilt alone.2 


RESULTS 


Twenty-five measurements of left ventricular output were made in the ani- 
mals rendered hypotensive by hemorrhage and twenty-one in the group sub- 
jected to Arfonad ganglionic blockade. These data are summarized in a seatter- 
gram in Fig. 1. The heavy black line indicates for visual comparison the rela- 
tionship between cardiac output and arterial blood pressure which would exist 
if the former decreased in direct proportion to the latter. Examination of the 
individual points reveals that several from each group fall on this theoretical 
line. All but one of the remaining Arfonad group fall above it and all but 
three of the remaining hemorrhage group fall below it. All points falling above 
the heavy line of direct proportionality indicate less reduction in eardiae output 
than reduction in arterial pressure. All points falling below the heavy line 
indicate greater reduction in cardiac output than of arterial pressure. 

~ The linear regression lines which best describe the two groups of points are 
indicated. The difference in behavior of the two groups is apparent from com- 
parison of the alterations in cardiac output at the time when arterial blood 
pressure was reduced 40 per cent from the control value. It can be seen that, 
as a group, the cardiae outputs of those in the Arfonad series remained at the 
control level, while at the same level of hypotension in the hemorrhage group, 
the cardiac output fell to 55 per cent below the control value. 

The lowest values of arterial pressure were generally observed soon after 
induction of the hypotension then gradually rose in both groups. In the Arfonad 
group this occurred in spite of continued infusion of the drug at inereased rates. 
Hence, the lowest values plotted on the right in Figs. 1, 2, and 3 generally oe- 
curred early in the experiment with a progressive shift toward the left of all 
values with passage of time. 
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1.—Alteration in left ventricular output resulting from hypotension due to hemorrhage as 
compared with hypotension due to infusion of Arfonad. 
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Fig. 2.—Alteration in flow through the three outflow trunks of the ascending aorta resulting 
from hemorrhagic hypotension. 
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Of particular interest to us was the question of alteration in distribution of 
flow at varying levels of left ventricular output. The results of this portion of 
the study are summarized in Figs. 2 and 3. 

In Fig. 2, the reduction in flow which resulted in each of the aortic outflow 
trunks is plotted as a seattergram against the tutal reduction in cardiac output 
resulting from hemorrhagic hypotension. The solid black line indicates, for 
purposes of visual comparison, the relationship which would exist if the flow 
in the trunks fell at exactly the same rate as the total cardiae output fell. From 
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Fig. 3.—Alteration in flow through the three outflow trunks of the ascending aorta resulting 
from hypotension due to Arfonad ganglionic blockade. 

the linear regression lines indicated, which were plotted separately for each 

trunk, it is apparent that there is no significant alteration in flow distribution 

to these major trunks resulting from hemorrhagic hypotension. 

A similar plotting of the flow studies from the Arfonad-induced hypotension 
group is seen in Fig. 3. It is apparent from this illustration that the flow 
through the brachiocephalic trunk was not only maintained during Arfonad 
hypotension, but was often strikingly increased above the control value. This 
large increment in brachiocephalic flow seen during Arfonad hypotension was, 
thus, the principal reason why ecardiae output tended to be well maintained. 
When cardiac output was reduced, brachiocephalic flow was apparently selee- 
tively preserved by a reduction in descending aorta flow which was greater 
proportionately than the fall in ecardiae output. 
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DISCUSSION 

Under the experimental conditions of this study, it was found that cardiac 
output was maintained at control levels or above when arterial blood pressure 
was reduced to 40 per cent or less of control level by infusion of Arfonad. In 
other words, total body flow was sustained, but at a lower pressure. A 60 per 
cent reduction in arterial pressure was accompanied by only a 30 per cent re- 
duction in cardiae output. 

Quite a different sequence of events was seen when hypotension was in- 
duced by hemorrhage. With few exceptions, the cardiac output fell propor- 
tionately more than the arterial pressure. 

This behavior is not inconsistent with known physiologic principles. Mild 
to moderate arteriolar dilatation produced by ganglionic blockade might be ex- 
pected to reduce arterial pressure by lowering peripheral resistance. Total cir- 
culatory rate need not be altered if no significant alteration in the volume of 
the functioning vascular space occurred. ' This would seem to best account for 
the findings described here. The arteriolar vasoconstriction which promptly 
follows hemorrhage might be expected to reduce cardiae output. An example 
of how profound this readjustment can be is seen.in Fig. 1. It will be recalled 
that the values plotted on the right in this illustration are generally the values 
seen immediately after induction of the hypotension while those farthest to the 
left represent the maximum recovery of arterial pressure observed during the 
study interval. In three experiments, the arterial pressure returned to within 
10 per cent of the control value after hemorrhage. It is somewhat disturbing to 
find that this splendid recovery of arterial pressure is accompanied by a 50 to 
60 per cent reduction in cardiac output. 

Of the six experiments of the Arfonad group in which arterial pressure 
returned to 25 to 35 per cent of the control value, three returned to near control 
cardiae output and three exceeded the control cardiac output by more than 40 
per cent. It is encouraging to find that cardiac output can be preserved even 
during mild to moderate hypotension resulting from ganglionic blockade. The 
significance of this finding is difficult to assess since so little is known of the 
‘‘pressure requirements’’ versus the ‘‘flow requirements’’ for adequate tissue 
perfusion. Answers to this question are imperative not only to determine the 
safety of controlled hypotension but also to determine the relative merits of 
vasoconstrictors versus vasodilators in the management of a variety of hypo- 
tensive states. 

We have come to accept a ‘‘protective redistribution of blood toward the 
vital centers’’ as a classic readjustment to hemorrhage. However, it is difficult 
to find much evidence to substantiate this statement. No distribution change 
was noted after hemorrhage in the three outflow trunks of the ascending aorta. 
The possibility exists that such a distributional shift takes place at a more 
peripheral level since all three major trunks supply somatic as well as visceral 
areas. 

The distribution shift seen under infusion of Arfonad would make increased 
cerebral blood flow a possibility. Such a conclusion cannot be drawn from this 
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work since the cerebral versus the somatic distribution of the brachiocephalic 
flow was not measured. 


SUMMARY AND CONCLUSIONS 


1. Arterial blood pressure was reduced to approximately 50 per cent of its 
control value in a series of dogs under barbiturate anesthesia by either hemor- 
rhage or infusion of Arfonad. 

2. Serial measurements of arterial blood pressure and cardiac output were 
made at 20-minute intervals for 1 hour after induction of the hypotension. Flow 
measurements were made on the three outflow trunks of the ascending aorta to 
detect flow distribution changes. 

3. Reduction of arterial blood pressure to 40 per cent of control resulted in 
a 55 per cent reduction in cardiac output when hypotension was induced by 
hemorrhage. If the hypotension was induced by Arfonad, the eardiae output 
remained at the control level. 

4. No alteration in distribution of flow to the three outflow trunks of the 
ascending aorta was seen during hemorrhagic hypotension. 


5. There was a marked preferential shift of flow toward the brachiocephalic 
artery under Arfonad-induced hypotension. 
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THE REPAIR OF VENTRICULAR SEPTAL DEFECT: A TECHNICAL 
MODIFICATION FOR THE PREVENTION OF 
RECURRENCE AND HEART BLOCK 


A Preliminary Report 


Francis Robicsek, M.D., Paul W. Sanger, M.D., and 
Frederick H. Taylor, M.D., Charlotte, N. C. 


7. IMPROVEMENTS in perfusion and operative technique and better under- 
standing of the cardiodynamies of congenital heart anomalies caused a sig- 
nificant decrease in the operative mortality of ventricular septal defects. With 
the increasing number of open-heart operations, however, there is also an inere- 
ment in the number of surgical complications which endanger the patient’s life 
in the immediate postoperative period and plunder the benefits of this otherwise 
completely corrective procedure. 

The feared complications, specifically for the repair of ventricular septal 
defects, are permanent heart block and a relatively high percentage of recur- 
rence of the shunt. 

The generally accepted procedure for repair of ventricular septal defects 
is closure with sutures, with or without the use of a synthetic patch. The sur- 
geon finds himself between Seylla and Charybdis. If he takes ‘‘deep bites’’ he 
might encircle and ligate the conductive bundle. If the sutures are superficial, 
they tear out easily, and the shunt persists. In our series of open repair of 72 
cardiac septal defects, we have experienced both of these complications. A tech- 
nique for overcoming these complications was most desirable. 

In an effort to overcome these complications, Kirklin’ originally advocated 
closure of ventricular defects by placing the first few sutures from the left side 
of the defect into the right side. He has since abandoned this technique. Sirak* 
has advocated mattress sutures placed parallel rather than perpendicular to the 
margin of the defect. The advice of Lillehei* to omit the use of cardioplegia for 
the repair of ventricular defects is not always feasible. Vital staining to 
visualize the conductive tissue during open-heart surgery’ is not without sig- 
nificant danger.® 

Much emphasis has been placed on the elimination of tension on the sutures. 
We share the opinion of those who believe that a synthetic prosthesis should be 
used when the location or size of the defect makes it necessary to obviate tension 
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on the suture line. We think, however, that some modifications in the surgical 
technique would make the position of the synthetic patch much safer and at the 
same time simplify the operation. 

1. We believe it is erroneous to place the patch in the right ventricular 
(low pressure) side of the defect. It is well known that it is easier to break a 
door ‘‘in’’ than to break it ‘‘out.’’ Therefore, from the viewpoint of recurrence, 
it seems more advantageous to position the patch in the left ventricular side 
where the pressure is higher. 

2. The patch should overlap the edges of the defect. 

3. Tying a ligature over muscle-tissue is not regarded as a secure method 
of approximation in surgery; therefore another method should be applied to 
hold the pateh safely in place. 




















Sal 





Fig. 1.—Principles on which this method is based. A, The safe closure of a defect in a 
wall with a plate, screws, and bolts. B, Demonstration of why the door has to be positioned 
to the side of the expected acting force. ; 


TECHNIQUE OF OPERATION 


Keeping the above principles in mind, the following technique has been 
worked out for the closure of certain ventricular septal defects of considerable 
size. 

Varying sizes of oval patches made from Teflon fabric are prepared before 
the operation. No. 12 dural needles are threaded with 3-0 silk. The edges of 
. the thread are tied together several times into a large knot. This prevents the 
suture from pulling through the Teflon fabric. Depending on the size of the 
patch, six or more such sutures are placed symmetrically 2 mm. inside the 
margin of the Teflon patches. These patches, with the sutures and needles in 
place, are autoclaved and held ready before the operation is started. 

A patch of desired size is chosen at the time of the ecardiotomy. Each 
double-threaded dural needle is brought the full thickness of the margin of the 
defect from the left ventricular into the right ventricular side. The first sueh 
suture is placed in the anterosuperior angle of the defect. Then the subsequent 
sutures—all under careful visual control—are positioned symmetrically counter- 
clockwise toward the postero-inferior angle of the defect. Afterward, with the 
sutures in place, a gentle pull is applied on the double sutures and, with the aid 
of forceps, the patch is brought easily over to the left ventricular side thus 
completely covering and slightly overlapping the defect. 
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After the patch is brought into position, one thread of each double-threaded 
needle is cut. The needle with the remaining attached thread is brought through 
a sinall piece (2 by 2 mm.) of Teflon. Then the two threads are tied together 
over this small piece of Teflon cloth securing the patch to the ventricular septum 
as a nut secures a plate to a bolt or a euff link brings the sleeves of the shirt 
together. 





Fig. 2.—Schematic drawing of the procedure. 


COMMENT 


This method has the following advantages over the methods presently used 
for the repair of ventricular septal defects. 

A. Prevention of Heart-Block.—(1) No living tissue is encireled in the 
ligatures even if the suture goes around or through the conductive bundle. (2) 
The number of sutures is significantly decreased. 


B. Prevention of Recurrence—(1) The pateh is placed in the left ven- 
tricular side. In this position, the high pressure in the left ventricle does not 
encourage recurrence but helps maintain the patch securely. (2) Deep sutures 
ean be placed safely in the walls of the defect. (3) This ‘‘cuff-link’’ method of 
approximation is more reliable and safe than the simple suture. (4) Tension of 
the suture line is minimal. (5) The pateh is anchored to synthetic material, not 
to friable muscle tissue. 

This method of closure was used in a number of experimentally created 
ventricular defects and in clinical eases. It appeared to be a simple procedure 
which shortened considerably the time necessary for the open cardiotomy. 
Final evaluation will be given after a necessary number of long-range post- 
operative observations. 


SUMMARY 


A technical modification for the repair of ventricular septal defects is pre- 
sented. 

From the viewpoint of prevention of surgically induced heart block and 
recurrence of the shunt, it has the following advantages: (1) No living tissue 
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Fig. 3.—Closure of the ventricular septal defect by the prepared patch and double-threaded 
needles, by the method described. 





A. B. 


Fig. 4.—-The view of the graft in place. A, Right ventricular side. B, Left ventricular side. 
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is encircled in the ligatures, and the number of sutures necessary is reduced. 
(2) The patch is placed in the left ventricular side. In this position, the high 
left ventricular pressure does not facilitate recurrence. Deep sutures can be 
placed safely into the margin of the defect. Tension on the sutures is minimal. 
The patch is anchored to synthetic material and not to the friable myocardium. 
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LEFT HEART BYPASS AS AN AID TO TRANSVENTRICULAR 
AORTIC VALVULOTOMY 


Julian Johnson, M.D., Charles K. Kirby, M.D., William S. Blakemore, M.D., 
Claude R. Joyner, M.D., John Helwig, Jr., M.D., and 
Harry F, Zinsser, M.D., Philadelphia, Pa. 


W: BELIEVE that, ideally, all aortic valve operations should be performed 
under direct vision and that, eventually, all may be. During the past few 
years, however, transventricular dilatation of the aortic valve has been the pro- 
cedure most commonly used for the surgical treatment of acquired aortic stenosis. 
This procedure is frequently not difficult, but the potential occurrence of certain 
serious complications constantly plagues the surgeon. These complications are 
hemorrhage from the ventricular incision, ventricular fibrillation, and the 
development of an ineffective heartbeat if resuscitation of the heart is necessary. 
It seemed likely to us that the inability of the left ventricle to continue carrying 
its work load during the manipulation of the valve was chiefly responsible 
for these complications. Bypass of the left heart, achieved by pumping blood 
from the left atrium to the femoral artery, appeared to provide a relatively 
simple method of reducing the work of the left ventricle but of maintaining 
the coronary and peripheral blood flow, both during the period of. traumatic 
manipulation of the heart and the period of ‘‘recovery’’ immediately following 
dilatation and suture of the myocardium. We, therefore, instituted the use of 
left heart bypass in conjunction with transventricular dilatation of the aortic 
valve and have carried out this combined procedure in 22 patients. The purpose 
of this paper is to present the results and to discuss the beneficial effects which, 
we believe, have been clearly demonstrated. 


OPERATIVE TECHNIQUE é 


The patient is placed in the left lateral position and the chest is entered 
through the left fifth intercostal space. A longitudinal incision opens the 
pericardial sac and an area is chosen on the left ventricular wall which is 
suitable for insertion of the dilator. The patient is then given heparin. A 
plastic catheter is then inserted into the left atrium through the atrial ap- 
pendage and another plastic catheter is inserted into the left femoral artery. 
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Plastic tubing for the external cireuit runs from the left atrial catheter through 
an occlusive roller pump to the femoral artery catheter. The tubing is filled 
from the left atrium to the femoral artery in such a way that all air bubbles 
are eliminated. The mid-portion of the tubing is then handed to the pump 
operator for insertion in the pump. The priming volume of the external circuit 
is approximately 500 ¢.ec. The patient’s own blood is replaced by ACD blood 
administered through an arm vein as the priming takes place. 

The pump is turned on at a slow rate and the flow is gradually increased, 
during a period of 2 or 3 minutes, to 2,500 or 3,000 ¢.c. per minute. Insertion 
of the dilator through the left ventricular wall and dilatation of the aortic 
valve is then carried out in the usual way, exeept that the dilator can be 
opened much more slowly and deliberately, in two or three planes, without 
adverse effects. After removing the dilator, the ventricular incision usually 
bleeds very little and sutures may be inserted and tied without the difficulties 
imposed by blood spurting out from the ventricle under high pressure. 
Within 4 or 5 minutes after closing the ventriculotomy, the flow rate is gradually 
decreased over a period of 2 or 3 minutes and the pump is then stopped. The 
catheters are removed in the usual way, the left atrial appendage being 
ligated and oversewn, and the femoral artery is sutured so that blood flow 
through it is restored. Protamine is administered intravenously. The re- 
mainder of the operative procedure is completed in the usual way. 


RESULTS 


We have utilized left heart bypass during transventricular dilatation of 
the aortic valve with a Brock dilator in 22 patients at the Hospital of the 
University of Pennsylvania since March, 1959. None of the 22 patients 
developed ventricular fibrillation and the suturing of the ventriculotomy incision 
was greatly simplified. There was only one hospital death, giving us the 
lowest operative mortality we have attained with operations for aortic stenosis, 
and less than half that in our series without left heart bypass. This one 
death occurred in a patient with a highly calcified valve which was disrupted 
by the dilator in such a way that there was severe aortic regurgitation. One 
other patient had regurgitation of such a degree that his condition certainly 
was no better than it had been preoperatively. The gradient across the aortie 
valve was measured in a number of patients before closing the chest and an 
appreciable gradient remained in only one. This was a heavily calcified valve 
and we presumed that the valve leaflets were too stiff to permit much increase 
in blood flow, even though the dilator may have opened the commissures. This 
patient was not improved. The remaining patients have been improved to 
varying degrees—some of them quite remarkably so. 


COMMENT 


As previously stated, we believe that, ideally, all aortic valve lesions should 
be, and eventually may be, operated upon under direct vision. At the present 
stage of development of direct vision repair and replacement of the aortic valve, 
however, we believe that the operative risk may be considerably lower and the 
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results almost as good with transventricular dilatation, in carefully selected 
patients. The purpose of this paper is not to discuss the merits of open versus 
closed procedures or the selection of patients for open or closed procedures. 
Our purpose is to describe the technique of left heart bypass which has appeared 
to inerease the safety and decrease the complications of transventricular dilata- 
tion of the aortic valve. Prior to the use of left heart bypass, ventricular 
fibrillation frequently occurred in the patients in whom this procedure was 
performed. This complication was completely eliminated in our present series 
of 22 patients. Difficulties previously encountered with suturing the fragile 
left ventricular myocardium have been virtually eliminated. Perhaps the 
most impressive beneficial effect of left heart bypass is that the heart beats 
smoothly and uninterruptedly during the dilatation and the period immediately 
following it. The heart does not appear irritable, as it commonly did prior 
to the use of this technique. We believe that this is because the traumatic 
operative manipulations are no longer carried out on a heart which is deprived 
of adequate coronary blood flow while the left ventricle is subject to high 
pressure and is struggling to maintain its work load. Also, we have been 
much less hurried during the dilatation and suturing since left heart bypass 
has been employed and we believe that the more deliberate manipulations may 
be less traumatic. 


SUMMARY 


1. The use of left heart bypass in conjunction with transventricular dilata- 
tion of the aortic valve for aortic stenosis has resulted in an impressive 
decrease in the incidences of complications formerly associated with this 
procedure. 


2. The beneficial effects of left heart bypass are probably the result of a 
marked reduction in work load of the left ventricle and the provision of ade- 
quate, uninterrupted coronary blood flow during and immediately after the 
period of traumatic manipulation of the heart. 


3. Left heart bypass has been utilized for this purpose in 22 patients at 
_the Hospital of the University of Pennsylvania with but one death—the lowest 
operative mortality we have as yet attained in the surgical treatment of aequired 
aortic stenosis. 





EVALUATION OF EXPERIMENTAL LIGATION OF THE 
RIGHT CORONARY ARTERY IN THE DOG 


John Gutelius, M.D.,* John Vasko, M.D., and 
David C. Sabiston, Jr., M.D.,** Baltimore, Md. 


URRENT ADVANCES in eardiae surgery have stimulated a greater interest in 

the anatomy and physiology of the coronary circulation. A number of 
procedures have been performed in the experimental animal and conclusions 
have frequently been transferred directly to clinical problems. Investigators 
interested in this subject have long agreed that sudden occlusion of the left 
coronary artery in the dog is followed by death of the animal within a short 
period. However, the results of similar occlusion of the right coronary artery 
have not been precisely defined, and considerable divergence of opinion exists 
in the few studies on this problem available in the literature. The purpose of 
the present study has been to evaluate experimentally the mortality and the 
changes which occur in arterial and venous pressure, the electrocardiogram, and 
in the myocardium after ligation of the right coronary artery in the dog. 


METHOD 


Twenty animals weighing 10 to 19 kilograms were employed in the study. Pentobarbital 
was administered (30 mg./Kg.) and ventilation was maintained through an endotracheal tube 
by a positive pressure respirator. A plastic catheter was inserted into the femoral artery for 
continuous registration of arterial pressure, and a similar catheter was passed into the right 
atrium via the femoral vein for determination of central venous pressure. Leads II and III 
of the electrocardiogram were simultaneously recorded. An incision was made in the left 
fourth intercostal space and the pericardium opened. The right coronary artery was dissected 
carefully near the aorta and was ligated twice with 4-0 silk at its origin. During the pro- 
cedure, recordings were taken at various stages, including: (1) after induction of anes- 
thesia, (2) immediately prior to ligation (with the ligatures in place), (3) 5 minutes after 
ligation, and (4) 60 minutes after ligation. The animals which were chronic survivors were 
sacrificed at 6 weeks and the hearts studied. The gross pathologic changes were noted and 
appropriate microscopic sections obtained. In each instance the right coronary ostium was 
probed to assure total occlusion. 


RESULTS 


Eighteen of the 20 animals (90 per cent) in the study survived the operative 
procedure. Ventricular fibrillation occurred in 1 animal at operation, but this 
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was reverted to a normal rhythm by electrie shock, with survival of the animal. 
Six animals succumbed within the first 24 hours and 1 died on the third post- 
operative day. Three other animals died 15 days, 16 days, and 1 month after 
ligation. The remaining 8 were chronic survivors and were sacrificed 6 weeks 
after operation. 


Changes in Systemic Arterial and Right Atrial Pressures—Mean right 
atrial and femoral arterial pressures were recorded on four occasions during 
each experimental procedure. There was a decline in the average femoral ar- 
terial pressure at the enc of the dissection from 145 to 117 mm. Hg. This was 
probably a result of surgical manipulation and in some instances related to 
blood loss. The pressure further decreased 5 minutes after ligation to an average 
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Fig. 1.—Ligation of the right coronary artery. Recording of electrocardiogram and 
one Gea venous pressures during the course of an experiment in a representative animal. 
og 1-2. 


of 97 mm. Hg and was very likely a direct result of right coronary occlusion, 
since a fall occurred in 15 of the animals at this time. Within an hour the 
systemic arterial pressure had returned essentially to the pre-ligation level to 
an average value of 114 mm. Hg. The average change in right atrial pressure 
was too small to be significant. The changes were not consistent, showing a 
rise in 7, no change in 6, and a fall in 4 of the animals. Furthermore, in none 
of these was the change greater than 1 mm. Hg. A record from a representative 
animal is shown in Fig. 1. 


Electrocardiographic Changes.—The electrocardiogram was recorded: (1) 
prior to ligation, (2) during the ligation procedure, (3) 2 weeks after opera- 
tion, and (4) at the time of sacrifice. Depression of the S-T segment and in- 
version of the T wave were used to determine the presence of ischemia.” 2° 
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Arrhythmias were also recorded. Some of the animals showed evidence of 
ischemia after dissection of the right coronary artery, possibly representing a 
reflex phenomenon. In all animals, ischemic changes were observed in the 
electrocardiogram on the tracings recorded 5 and 60 minutes after ligation. 
Of considerable interest is the fact that in 10 chronie survivors only 3 showed 
continuing evidence of ischemia in the late postoperative recordings. Two of 
these animals died during the observation period at 16 and 30 days, respectively, 
and the third died with the administration of anesthesia at 6 weeks. This latter 
animal was the only 1 which lived until sacrifice with any remaining electro- 
cardiographie evidence of myocardial damage despite the fact that gross evidence 
of right ventricular myocardial infarction was found in the hearts of all chronie 
survivors. 


Control 


gh 


Fig. 2.—Sections through the hearts of surviving animals illustrating myocardial infarction and 
comparison with a normal heart. 


Pathologic Examination.—In each heart in the study the right coronary 
artery was found to be occluded completely at its origin. However, in 1 animal 
a small accessory branch to the pulmonary conus region was discovered which 
had not been occluded by the ligature. Gross infarction was present in each 
of the eleven hearts from animals which survived more than 1 week. The hearts 
were sectioned to demonstrate the infarcts (Fig. 2). Gross myocardial infare- 
tion was present in all the chronic survivors (Fig. 3), and microscopic changes 
of infarction were observed consistently. A photomicrograph of the right ven- 
tricle from a chronic survivor at 6 weeks is shown in Fig. 4. 


DISCUSSION 


The first study of the effects of coronary artery occlusion was reported by 
Erichsen‘ in 1842 in a paper which was ingenious when one considers the ex- 
perimental facilities of his day. He demonstrated the immediate lethal effect 
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of complete coronary occlusion in the dog and rabbit (with an open chest) as 
compared to the slow development of asystole in such a preparation when the 
coronary circulation was undisturbed. 


Infarct 





Fig. 3.—Photograph of transilluminated heart 6 weeks after ligation of right coronary artery 
illustrating the marked thinness of the right ventricle. 





Fig. 4.—Photomicrograph of right ventricle from animal 6 weeks after ligation of the 
right coronary artery showing infarct and margin of normal right ventricle (azocarmine stain, 
x 10). 
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Since that time there have been many reports of the effects of acute and 
chronic coronary occlusion but most studies have concerned the left coronary 
artery and its main branches. It is generally agreed that sudden and complete 
ligation of the left coronary artery in the dog is almost always followed by im- 
mediate death. Similar studies on the right coronary artery are more contro- 
versial. Porter* in 1894 was the first to report the effects of occlusion of the 
right coronary artery and several others have been recorded since that time.® ® 7 
The mortality during the first week after ligation has varied from 59 per cent 
to 100 per cent.2 ** For example, Donald and Essex? were unable to obtain 
survival after acute occlusion and thus employed slow ligation in their studies. 

In the present series of ligation of the right coronary artery, 10 per cent 
of the animals died acutely, another 30 per cent died within the first 24 hours, 
and 20 per cent died within the first 6 weeks (representing a total mortality of 
60 per cent for the entire group). Eight animals (40 per cent) were chronic 
survivors. 

Of interest in the extent of infarction which was observed are prior ob- 
servations by Bakos' and Starr and associates'! which demonstrate the ability of 
the dog to survive major destruction of the right ventricle. All chronic animals 
in the present study demonstrated gross and microscopic evidence of myocardial 
infarction and several showed scarring of more than 50 per cent of the wall of 
the right ventricle. In no instance was there evidence of cardiac decompensation 
in the long-term survivors. 

The ability of 40 per cent of the animals to withstand complete occlusion 
of the right coronary artery with subsequent return of the electrocardiogram to 
normal emphasizes the remarkable compensation which occurs under these cir- 
cumstances. It is likely that this course differs considerably from a comparable 
one in the human heart. 


SUMMARY 


The hemodynamic, electrocardiographic, and pathologic changes after ex- 
perimental ligation of the right coronary artery in the dog have been described. 
An immediate survival of 90 per cent was found, although a significant number 
of deaths occurred during the first 6 weeks after ligation with a long-term sur- 
vival rate of 40 per cent. All animals which lived more than 1 week after liga- 
tion were found to have gross evidence of right ventricular infarction. The 
electrocardiogram demonstrated evidence of ischemia in every animal immedi- 
ately after occlusion, but the tracing returned to normal in the chronic sur- 
vivors and none of these animals showed evidence of cardiac decompensation. 


The authors are indebted to Dr. Patricia M. Smith for reviewing the electrocardiograms. 


REFERENCES 


1. Bakos, A. C. P.: The Question of the Function of the Right Ventricular Myocardium, 
an Experimental Study, Circulation 1: 724, 1950. 

2. Donald, D. E., and Essex, H. E.: Pressure Studies After Inactivation of the Major 
Portion of the Canine Right Ventricle, Am. J. Physiol. 176: 155, 1954. 





en LIGATION OF RIGHT CORONARY ARTERY IN DOG 795 
une, 


. Donald, D. E., and Essex, H. E.: Studies on the Chronic Effects of Ligation of the 
Canine Right Coronary, Am. J. Physiol. 176: 431, 1954. 

. Erichsen, J. E.: On the Influence of the Coronary Circulation on the Action of the Heart, 
The London Medical Gazette 2: 561, 1842. 

. Gross, L., Mendlowitz, M., and Schaver, G.: Hemodynamic Studies in Experimental 
Coronary Occlusion, Am. Heart J. 13: 647, 1937. 

. Haeger, K.: Studies of the Coronary Circulation. I. Surgical Anatomy of the Right 
Coronary Artery of the Dog and the Effects of Acute Ligation, J. THorAcic Sure. 
37: 517, 1959. 

. Hill, I. G. W., Johnston, F. D., and Wilson, F. N.: The Form of the Electrocardiogram 
in Experimental Myocardial Infarction. V. The Later Effects Produced by Ligation 
of the Right Coronary Artery, Am. Heart J. 16: 309, 1938. 

. Porter, W. T.: On the Results of Ligation of the Coronary Arteries, J. Physiol. 15: 
121, 1894. 

. Porter, W. T.: Further Researches on the Closure of the Coronary Arteries, J. Exper. 
Med. 1: 46, 1896. 

. Smith, F. M.: The Ligation of Coronary Arteries With Electrocardiographie Studies, 
Arch. Int. Med. 22: 9, 1918. 

. Starr, I., Jeffers, W. A., and Meade, R. H.: The Absence of Conspicuous Increments of 
Venous Pressure After Severe Damage to the Right Ventricle of the Dog With a 
Discussion of the Relation Between Clinical Congestive Failure and Heart Disease, 
Am. Heart J. 26: 29, 1943. 





SURGICAL CORRECTION OF CONGENITAL STENOSIS OF 
THE RIGHT PULMONARY ARTERY ACCOMPANIED BY 
AGENESIS OF THE LEFT PULMONARY ARTERY 


Chadwick F. Baxter, M.D., Richard W. Booth, M.D., and Howard D. 
Sirak, M.D., Columbus, Ohio 


ONGENITAL stenosis of the pulmonary arteries is rarely found as an isolated 
lesion.’ It is usually accompanied by other intracardiac anomalies such as 

an interventricular septal defect. Because of the rarity of this lesion and 
because no previous report of definitive surgical correction has been found in 
the literature, this case is being reported. In addition to a description of the 
operative technique, the embryology and differential diagnosis will be discussed. 


CASE REPORT 


A 26-year-old Negro man was admitted to University Hospital in March, 1959, with 
marked dyspnea on exertion and an enlarged heart. He had had several bouts of cardiac 
failure. He had been in good health until 8 years previous to this admission when he began 
having episodes of severe joint pain, unaccompanied by tenderness or swelling. He had been 
rejected by the Army. Three years before this admission, he first noted dyspnea at rest, 
episodes of hemoptysis, pedal edema, and substernal pain. Digitalis therapy was started. 
These symptoms became progressively worse. He had pneumonia of the left lung on two 
oceasions. One and one-half years prior to this admission, a sudden increase in dyspnea 
required hospital admission elsewhere. At that time he had a thorough study which included 
vardiac catheterization, angiocardiography, and bronchospirometry. Exploratory thoracotomy 
was also done. The final diagnoses were: (1) pulmonary valvular stenosis with post-stenotic 
dilatation, (2) congenital absence of the left pulmonary artery, and (3) stenosis of the right 
pulmonary artery. 


Physical Examination.—He was a well-developed male in no distress. Blood pressure 
was 122/80 mm. Hg, pulse 90, repirations 20, and temperature 98° F. The heart was 
enlarged to the left of the mid-axillary line. There was a precordial heave, but no apical 
thrust. A normal sinus rhythm was present. A Grade 3 systolic murmur and a Grade 4 
diastolic murmur were heard beneath the sternum and at the left sternal border at the level 
of the second and third intercostal spaces. These murmurs had a machinery-like quality. 
There was a Grade 2 systolic murmur over the aortic area as well as at the apex. P, was 
greater than A,, but it was not split. The lungs were clear. 


Laboratory Data.—The hemoglobin was 13.8 grams, the urine specific gravity was 1.020 
with a proteinuria of 240 mg. per cent. Serologic tests were negative. Chest films showed an 
enlarged heart with right ventricular enlargement and a prominent main pulmonary artery. 
The pulmonary vascularity was decreased (Fig. 1). The electrocardiogram showed incom- 
plete right bundle branch block and right ventricular hypertrophy. 

From the Cardiovascular Service and the Department of Cardiology, The Ohio State Uni- 


versity Health Center, Columbus, Ohio. 
Received for publication July 8, 1960. 
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Repeated attempts at cardiac catheterization were unsuccessful. Because of pro- 
gressive symptoms and on the basis of the previous thoracotomy findings, open-heart surgery 
was recommended. He was discharged at that time and readmitted for operation on July 29, 
1959. History and physical and laboratory findings were unchanged since the March 
admission. 


Operation.—Operation was undertaken on Aug. 3, 1959, through a vertical sternotomy. 
When the pericardium was opened, the pulmonary artery was found to be very tense, but 
no thrill could be palpated. However, a pronounced thrill was present in the distal portion 
of the right pulmonary artery. No left pulmonary artery was seen. Pressure measurements 
were as follows: right ventricle, 80/0; main pulmonary artery, 90/0; and right distal 
pulmonary artery 30/20 mm. Hg. These findings indicated the presence of a stenosis in 
the proximal segment of the right pulmonary artery. After total bypass was established, 
a vertical incision was made in the main pulmonary artery. The left pulmonary artery 
orifice was absent. The orifice of the right pulmonary artery was narrowed to about 3 to 


Fig. 1.—Preoperative posteroanterior and lateral chest roentgenograms showing an enlarged 
heart (right ventricle) and decreased vascularity. 


4mm. A small amount of thrombus was present at this site. Additional thrombus was 
present in the blind end of the main pulmonary artery. The pulmonary valve and_ sub- 
valvular area were normal. The right pulmonary artery orifice was closed with a continuous 
5-0 atraumatic silk from within the main pulmonary artery. The right pulmonary artery, 
which had previously been dissected from the aorta and the superior vena cava, was 
transected just distal to the stenosis. A 5 inch woven crimped Teflon graft was anastomosed 
to the distal right pulmonary artery. The graft was placed anterior to the aorta and 


superior vena cava and its other end was anastomosed to the arteriotomy site in the pulmo- 


nary artery. After the bypass was terminated, pressures were again taken in the right 
ventricle (45/0 mm. Hg) and the main pulmonary artery (40/0 mm. Hg). 

Postoperative Course.—The first 3 postoperative days were essentially uneventful. The 
patient was up and about his room. However, on the fourth postoperative day, acute right 
heart failure occurred. This responded to phlebotomy, diuretics, and an increased dosage 
of digitalis. A wound infection developed on the seventh postoperative day resulting in a 
sternal separation. Reclosure of the sternum was done with wire sutures. At the time 
of the secondary closure, the graft was visualized and palpated and was functioning well. 
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The patient was discharged on the thirty-third postoperative day. He was next seen in 
October, approximately 10 weeks postoperatively. At this time, he was able to climb a 
flight of stairs without difficulty. X-ray studies showed some decrease in the size of the 
heart. One small area of drainage from the subcutaneous tissues remained. The. systolic 
and diastolic murmurs along the left sternal border and beneath the sternum had decreased 


slightly in intensity. 





Fig. 2.—Posteroanterior and lateral chest roentgenograms made 9 months postoperatively show- 
ing a smaller heart and increased prominence of the right pulmonary artery. 








Fig. 3.—Selective angiograms made 9 months after surgery showing the dilated 
main pulmonary artery (PA), the patent graft, and the large distal right pulmonary artery 
(RPA). 


He was readmitted in May of 1960, 9 months after open-heart surgery. He had com- 
plained of some pedal edema and nocturia, suggesting some degree of persistent heart 
failure. Also, he had intermittent nausea and vomiting which later was shown to be due to 
digitalis intoxication. However, on full activity in the hospital he had no edema or 
orthopnea. He was able to climb 3 flights of stairs without difficulty. Laboratory studies, 
including liver survey, were all within normal limits. Chest films showed clear lungs and a 
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further decrease in heart size (Fig. 2). Right heart 


catheterization showed a right 
ventricular pressure of 90/7 mm. Hg (Table I). 


Selective angiograms showed a normal 
infundibulum and pulmonary valve and a markedly enlarged main pulmonary artery. 
There was no evidence of dye passing into the left lung. 


The graft was patent without 
evidence of narrowing (Fig. 3). 


There was some dilatation of the distal right pulmonary 
artery. After the digitalis dosage had been readjusted, he was discharged on a low salt 
diet and maintenance digoxin, 0.25 mg. twice daily. 
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Fig. 4.—Schematic representation of the division of the truncus arteriosus to form the bases 
of the pulmonary and aortic valves. 
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Fig. 5.—Transformation of the aortic arches. The proximal part (e) of the right sixth 

\ arch becomes the stem of the right pulmonary artery, and the distal part (f) disappears. 
The proximal part of the left sixth arch is incorporated in the pulmonary trunk and left 
pulmonary artery (g). The distal part of the left sixth arch becomes the ductus arterio- 














sus (d). 
TABLE I. PRESSURES AT CATHETERIZATION 
AT SURGERY 
BEFORE AFTER POSTOPERATIVE 
PREOPERATIVE CORRECTION CORRECTION (9 MONTHS) 
(MM. Hg) (MM. Hg) (MM. Hg) (MM. Hg) 
Right atrium 14 
Right ventricle 100/18 80/0 45/0 90/7 
Main pulmonary artery 22/16* 90/0 40/0 
Distal right pulmonary 
artery 30/20 





*Catheter probably in right pulmonary artery. 
DISCUSSION 


Embryology.—The main pulmonary artery has its beginning in the 5 mm. 
embryo.” The aortic bulb, including the distal truncus arteriosus, divides into 
two separate vessels. One is placed ventrally (main pulmonary artery anlage), 
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and one dorsally (the aortie anlage). The division extends proximally to form 
the bases for the aortic and pulmonic valves and down toward the simul- 
taneously-forming interventricular septum (Fig. 4). While these changes 
are progressing, the aortic arches are undergoing transformation. The proximal 
portion of the right sixth arch forms the stem of the right pulmonary artery, 
the distal portion of this arch disappears. The proximal portion of the left 
sixth arch is incorporated in the pulmonary trunk while its distal part persists 
as a ductus arteriosus until after birth (Fig. 5). 

The fact that the pulmonary arteries and the interventricular septum 
develop simultaneously suggest that any process producing a defect in one 
could produce a defect in the other. This is borne out clinically in that most 
pulmonary artery stenoses or atresias are associated with a tetralogy of Fallot, 
Williams*® states that most of the patients reported in the literature had 
associated true pulmonic valvular stenosis. Sondergaard* believes that stenosis 
of the bifureation of the pulmonary artery may be caused by traction of the 
ductus arteriosus or invasion of the pulmonary artery wall by the muscle 
fibers of the ductus. This is analogous to the Skodaic theory of coarctation of 
the aorta in which the muscle fibers of the ductus invade the aorta and cause 
a constriction.® 

The only physieal finding which might have been useful in differentiating 
this lesion from pulmonic valvular stenosis was the presence of a ‘‘machinery’’ 
murmur. This murmur was heard in the left second and third interspaces 
and beneath the sternum. Identical findings have been produced experimentally 
by ligating one pulmonary artery and gradually constricting the other. A 
slight narrowing produced a systolic murmur, whereas marked constriction 
produced a ‘‘machinery’’ murmur similar to that of a patent ductus arteriosus.® 

A erimped graft was chosen because of its greater rigidity in order to 
prevent collapse in the low-pressure pulmonary circuit. Dilatation, as reported 
by Schumacker,’ would not have been suitable. At the time of surgery, 
there was adequate retrosternal space to permit placing the graft anterior to 
the major vessels. This position made it technically easier to complete the 
anastomoses. Also, it decreased the chance of compression by the surrounding 
structures. To prevent buckling, great care was taken to avoid excessive length 
of graft material. 

The persistence of a high pressure in the right ventricle, in the absence of 
any demonstrable obstruction between the lung and the ventricle, explains 
the sudden appearance of heart failure in the early postoperative period. It 
also explains the persistence of a low-grade failure. A possible explanation 
for this is an increased pulmonary resistance possibly due to repeated multiple 
embolizations of the small pulmonary arteries by clot originating in the main 
pulmonary artery. The clot present in the main pulmonary artery at the time 
of surgery suggests the possibility of this syndrome which is similar to the one 
seen in postgravid females in which small emboli arise from pelvie veins. The 
lower pressure values obtained at operation may have been due to the low 
blood flow present at that time. 
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SUMMARY 


The surgical correction of stenosis of the right pulmonary artery with 
agenesis of the left pulmonary artery and an intact interventricular septum 
is presented. The embryology and diagnosis are discussed. 

In retrospect, the only important physical finding suggestive of the correct 
diagnosis was the presence of a high substernal machinery murmur accompanied 
by findings otherwise identical to pulmonic valvular stenosis. Selective cine- 
angiography would establish the diagnosis. 
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PATCH GRAFTING OF THE SUPERIOR VENA CAVA 
An Experimental Study 


Angelo Riberi, M.D.,* Daniel T. Pompey, M.D., and 
Robert E. Hritzo, M.D., Youngstown, Ohio 


— of major veins presents a difficult problem. Most of the work 
reported in the literature has dealt mainly with superior vena caval 
replacement. However, obstruction of this vein, resulting in the dramatic 
superior vena caval syndrome with cyanosis of the head and neck, engorged 
veins over the upper part of the body, ete., has been difficult to relieve 
surgically.! 

In extensive studies carried out in the past with superior vena caval 
replacement, we were able to develop some satisfactory techniques, but were, 
like many others,” °*-!? impressed at all times by the difficulty of the problem. In- 
deed, few substitutes have shown real promise in the replacement of the vena 
cava, and some of the techniques which we have investigated are, admittedly, 
of considerable magnitude to. be used routinely.1' It would seem, however, 
that in rare instances of bullet or stab wound, or even iatrogenic injury to 
the vena cava during difficult mediastinal dissections, partial reconstruction of 
the segment of the venous wall could be attempted. This localized repair 
would tend to eliminate most of the difficulties encountered with complete 
substitution of this vessel and would markedly simplify the procedure. 

The following experiment was undertaken in order to investigate the 
value of patch grafts of fine nylon inserted into the superior vena cava. 


MATERIAL AND METHODS 


Twelve healthy mongrel dogs, weighing between 14 and 25 kilograms, were used in 
our experiment. 

After induction of anesthesia by means of intravenous thiopental sodium, a tracheal 
tube was inserted, the animal was turned on its left side, and the right chest was shaved, 
prepared, and draped. All operations were carried out under sterile conditions. A right 
thoracotomy in the third intercostal space was carried out. As described elsewhere,? this 
incision gives a much more satisfactory visualization of the superior vena cava than do 
lower thoracotomies. A rib spreader was introduced, the lung retracted downward and the 


aia From the Department of Surgery and Anesthesia, St. Elizabeth Hospital, Youngstown, 
io. 
Aided by grants from the Youngstown Area Heart Association, The Youngstown Nephrosis 
Foundation, and the Latin Culture Foundation. 
Received for publication May 27, 1960. 
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superior vena cava dissected free in its entire length. The phrenic nerve was retracted 
medially. Two vascular clamps were applied, one at the junction of the superior vena 
cava with the vena intercostalis suprema and one above the opening of the azygos vein. 
The azygos vein was therefore not occluded. By means of sharp scissors, a round defect, 
measuring approximately half of the cireumference of the vessels, was created in the vena 
cava. The blood present in its lumen was aspirated and a disk of fine nylon mesh was 
sutured to the defect by means of a continuous suture of 5-0 arterial silk on an atraumatic 
needle. The suture was placed in an everting manner (Fig. 1). The plastic disk was 
always slightly larger than the defect in the venous wall. The plastic used consisted of 
fine nylon, much finer than the one previously used in aortic replacement,15 being a No. 
241-F nylon fabric with 270 x 204 threads per square inch, single ply, 15 denier nylon 
monofilament taffeta weave of approximately 0.00025 inch thickness, and weighing 
approximately 10 ounces per square yard.* 








Fig. 1.—Artist’s conception of patch repair. A continuous, rather than an interrupted, suture 

was used. 

Once the graft was in place, both occluding clamps were removed simultaneously 

and the grafted area packed temporarily with several wet sponges which were left in 

place for 2 or 3 minutes. When removed, oozing had usually ceased. In no instance was 

it necessary to place additional hemostatic sutures. The mediastinal pleura was not 

resutured and the chest was closed in layers. Aspiration of the pleural space was carried 

out after suture of the skin. The tracheal tube was removed and the animal was given 

50 mg. of heparin before being returned to its cage. Penicillin and streptomycin were 
given routinely, intramuscularly, for a period of 4 days. 


RESULTS 


All animals survived the operation. They were kept alive for periods 
ranging from 5 weeks up to 11 months. Angiograms done in several dogs 
showed perfect patency of the grafted superior vena cava without any narrow- 
ing at the site of insertion of the plastic graft (Fig. 2). At sacrifice, all the 
veins appeared to be widely patent with no signs of stricture. Grossly, all the 
grafts were covered externally by a thin layer of fibrous tissue, and internally 
showed a complete shiny endothelial lining as early as 5 weeks postoperatively. 
Since the grafts used were slightly larger than the recipient’s defect, a fine 
undulation was at times seen on the luminal aspect when observed closely. 
However, endothelial covering was complete, and this did not in any way 
cause a reduction in the size of the lumen (Fig. 3, A and B). 


*Stehli Company, Inc., 1372 Broadway, New York 17, N. Y. 
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Fig. 2.—Cavogram in Dog 2, 11 months postoperatively. 
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Fig. 3.—-A, Superior vena caval patch in Dog 3, 6 months postoperatively. B, Patch in Dog 2, 
11 months postoperatively. 
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Microscopie studies corroborated the gross findings showing, in each 
instance, a nice endothelial lining covering the luminal surface of the graft 
(Figs. 4, 5, 6). 





Fig. 4.—Microphotograph of specimen from Dog 12, 5 weeks after patch insertion. Luminal 
surface lined with several endothelial cells. (Hematoxylin and eosin, X50; reduced %.) 





Fig. 5.—A, Microphotograph of specimen from Dog 3, 6 months postoperatively. Note 
endothelization on luminal surface. The nylon mesh is easily seen. (Hematoxylin and 
eosin, X50; reduced ¥%.) 

B, Same specimen at X220; reduced %. 
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DISCUSSION 
The reasons for caval graft failure are several. To us, however, they are 
related to two fundamental factors. First, the type of the graft employed 
would appear to be of primary importance. Second, however, the major 
reason for failure remains the slower blood flow and, most of all, the low 
intraluminal pressure present in venous channels. This second factor has been 





Fig. 6.—A, Microphotograph of specimen from Dog 2, 11 months after surgery. (Hema- 
toxylin and eosin, X25; reduced %.) 

B, Same specimen at X220, reduced %. Note flattened endothelial cells on surface over- 
lying the nylon graft. 
amply proved by the fact that almost any type of graft will remain patent 
for a considerable length of time when large arteries are concerned. In the 
aorta, a systolic pressure of about 130 mm. Hg and a diastolic pressure of 
around 70 mm. Hg are extremely high levels when compared with caval pres- 
sures. If a graft is kept open by a high intraluminal pressure, collapse is 
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prevented, endothelization can take place and the fibroblastic proliferation 
proceeding from the surrounding tissues has but a slim chance to constrict 
and eventually to obliterate the graft. These considerations are of paramount 
importance when discussing results of vena caval replacement. It appears 
obvious that, since the intraluminal pressure factor cannot be altered, the 
graft factor should be modified to obtain a better result. The awareness of 
these facts has stimulated many investigators to experiment with grafts of 
different materials in an attempt to find a suitable vein substitute.* 

Aortic homografts have been tried extensively, but they have not been 
too satisfactory, at least, in the experimental animal. The larger size of the 
human vena cava may be responsible for the slightly better results obtained 
with homologous aortic grafts in man. Homologous veins and different plastic 
materials have not yielded better results.* 

Hanlon,’ in 1955, and more recently Earle and associates’ have shown the 
suitability of autogenous veins. Earle and associates, conscious of the diffi- 
culty encountered in securing large autogenous veins for grafting purposes, 
developed an interesting technique for the construction of larger autogenous 
grafts from smaller veins. In Bhonslay’s® experience, however, not a single 
autogenous vein transplant remained patent after 4 months. 

East and Muller,’ investigating the value of Teflon tubes, concluded that 
semirigid tubes are a major requirement in the selection of a superior vena 
caval prosthesis. 

Collins, Burrus, and De Bakey® assessed the suitability of autogenous 
peritoneal tubes, autogenous aorta, and Dacron grafts implanted in the canine 
inferior vena cava. Regardless of the type of grafts employed, thrombosis 
universally occurred within 4 months. It was their opinion that thrombosis 
was due to occlusion by perivascular sear tissue. 

Our own work with autogenous pericardial grafts had been a total failure.® 
Pedicled tubes made from the right atrial appendage were subsequently used 
in 24 dogs and proved very satisfactory in bridging moderately long defects 
in the superior vena cava.’° 

Autogenous aortic grafts also proved to be an excellent vein substitute.” 
The failure encountered by De Bakey’s group cannot be explained other than 
that he used the somewhat smaller abdominal aorta, while our success was 
probably due to the fact that we used the larger thoracie aorta. 

A real surprise came to us on investigating the value of aleohol-preserved 
heterografts of bovine aorta implanted in the superior vena eava of 11 dogs.” 
None of these grafts remained patent during the period of observation. 
Moore" recently reported 2 of these animals still alive 2 years after hetero- 
graft replacement and, when last studied by cavogram a year and a half after 
operation, both grafts were still patent. This seems to support the observations 
made first by Enerson and Galante,'* and later by East and Muller,’ concerning 
the advantages of a semirigid tube. 

The present report obviously is an attempt to get away from rep!acement 
of an entire segment of a large vein, since, as reviewed, vein grafting has been 
a very disappointing undertaking. It is realized that the present patch 
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technique can have but a limited applicability, but it is also felt that in the 
‘are, ideal case, the knowledge gained by this investigation may be of help in 
suggesting what to do in localized injuries or lesions to the superior vena cava. 


SUMMARY 


Patch grafts of fine nylon mesh were used to replace defects created in 
the canine superior vena cava. Satisfactory results were obtained in each 
instance without thrombosis or narrowing. 

The results obtained in this series are reported and analyzed. The pos- 
sible applications of this technique are indicated and the current literature on 
vena caval replacement briefly reviewed. 


We are very indebted to Dr. Joseph W. Tandatnick of the Department of Pathology 
for his invaluable assistance in the preparation of this paper. 
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THORACOMEDIASTINAL PLICATION 


A Surgical Technique for Chronic Empyema 


Neil C. Andrews, M.D., Columbus, Ohio 


HE TREATMENT of chronic empyema associated with bronchopleural or pleuro- 
fb pacdnvene fistula has been discouraging. Antibiotics, drainage,” * thoraco- 
plasty,* * ° decortication,” * and resection of the fistula containing pulmonary 
tissue” *° are procedures that have been used successfully in the control of in- 
fection and fistulas. However, when a complicated empyema persists after the use 
of one or more of these surgical techniques, a situation exists which is often con- 
sidered untreatable except by re-institution of external drainage and correction 
of the systemic effects of prolonged infection. Too often this results in an un- 
comfortable downhill course for the patient, ending in death from unabated 
infection or hemorrhage. 

Although various osteoplastie and musculoplastie techniques''™ are avail- 
able to the thoracic surgeon for treatment of complicated empyema, there is the 
need for a surgical procedure which ean be applied when even these, as well 
as the other techniques, have been used and have failed. 

The procedure to be deseribed is one which was first used at the Ohio 
Tuberculosis Hospital in 1953 and has been helpful in controlling chronie em- 
pyema when other surgical procedures have been unsuccessful. Beeause of the 
active obliteration of the pleural space by suture, this has been named thoraco- 
mediastinal plication.* 


TECHNIQUE OF THORACOMEDIASTINAL PLICATION 


~ After injection of the pleuroeutaneous fistula with methylene blue, a pos- 
terolateral incision is made which excises the pleurocutaneous fistula. The layers 
of the chest wall are progressively incised until the costal area is approached. 
The empyema is opened in the region of the fistula through the adjacent inter- 
costal muscle, anteroposteriorly. Fluid is obtained for culture. Subperiosteal 
resection of those ribs overlying the empyema space is accomplished, avoiding 
removal of ribs beyond the limits of the empyema (Fig. 1). The parietal wall 
of the empyema is now tested for pliability. In most patients this wall is thick 
and fibrous and requires decortication (Fig. 2). To avoid producing defeets in 
the periosteum or intercostal muscle, a thin layer of fibrous tissue is usually left 

From the Division of Thoracic Surgery, Department of Surgery, Ohio State University, 
and the Ohio Tuberculosis Hospital, Columbus, Ohio. 

Received for publication June 21, 1960. 


*Appreciation is extended to Clarence I. Britt, M.D., who coined the term “thoracomedi- 
astinal plication.” 
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to ensure the integrity of the parietal wall. The medial wall of the empyema, 
whether overlying mediastinum or pulmonary tissue, is now curetted until all 
granulation tissue is removed and clean fibrous tissue remains (Fig. 3). If a 
bronchopleural fistula is present, the walls of the fistula are freshened and, if 
possible, the bronchus re-amputated and elosed with end-on wire sutures. 
Mattress sutures of No. 1 chromic catgut are used to close the empyema. 
After passing the suture through the parietal wall, a generous bite is taken into 
the visceral or mediastinal wall (Fig. 4). The suture is again passed out 
through the parietal wall. Each suture is oriented to avoid damage to the 
intercostal nerve and vessels. Early sutures are placed at the periphery of the 
space and none are tied until all have been inserted, including those mattress 
sutures which will close the incision into the empyema space. Tying of the 














Fig. 1.—After posterolateral incision and excision of the pleurocutaneous fistula, if present, the 
empyema is opened and the ribs overlying the cavity are resected subperiosteally. 
sutures begins peripherally and obliteration of that area is verified after each 
suture is tied (Fig. 5). A mattress suture is carefully placed in the region of 
the bronchopleural fistula so that the parietal wall of the empyema will be 
positively approximated to this area of mediastinum or lung. The collapsed 

empyema space is not drained. 

When the empyema is situated high in the pleural space so that closure pro- 
duces a noticeable subscapular space, this space must be obliterated to avoid 
substituting a subscapular space infection for the empyema. Mattress sutures 
of No. 1 chromic eatgut are passed through the serratus anterior muscle on the 
undersurface of the scapula, then into the depressed intercostal muscle in such 
a manner that these two muscle layers ean be approximated and the subscapular 
space obliterated. 

The chest incision is closed by approximation of the muscles of the posterior 
and lateral chest wall in layers with interrupted 2-0 chromic catgut, the sub- 
cutaneous tissue with plain catgut, and the skin with fine interrupted silk sutures. 
Two rubber tissue drains are used; one immediately outside the intercostal 
muscles and under the rhomboid, serratus, or latissimus muscles, and one in 
the subcutaneous tissue. 
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Fig. 2. 
_ Fig. 2.—The parietal empyema wall is decorticated with care to preserve the integrity of 
the intercostal muscles and periosteum. 
3.—The visceral wall of the empyema, whether overlying lung or mediastinum, is 


Fig. 
curetted until only clean fibrous tissue remains. 3ronchopleural fistula, if present, is treated 
by re-amputation and closure with 4-0 stainless steel wire. 


Fig. 4. Fig. 5. 
. Fig. 4.—Mattress sutures of chromic catgut are placed so that complete approximation of 
the visceral and parietal walls of the empyema can be achieved. 
’ Fig. 5.—After the tying of all mattress sutures, the space is obliterated and the incision 
into the empyema closed. 


MATERIAL 


Between 1953 and 1959, thoracomediastinal plication has been performed 
in 35 patients. In all, the indication for the operative procedure was chronic 
empyema associated with bronchopleural or pleurocutaneous fistula. In 32 pa- 
tients with tuberculosis, the empyema followed resection in 27, followed collapse 
therapy in 3, and resulted from pleural infection secondary to pulmonary dis- 
ease in 2. In 3 patients without tuberculosis, the empyema and fistula followed 
decortication for traumatic hemothorax in 1, was preceded by a nonspecific 
pyogenic pulmonary infection in 1, and followed pneumonectomy for an un- 
known lesion in a third patient. 
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Many of these patients had been treated by one or more surgical procedures 
before use of thoracomediastinal plication. Thoracotomy and drainage were 
done in 26, thoracoplasty in 12, revision thoracoplasty in 2 patients, decortica- 
tion in 2, muscle graft in 1, and additional pulmonary resection in 1. In only 
2 patients were no preliminary surgical attempts made to close the broncho- 
pleural fistula or empyema. While fistula associated with empyema was the 
preoperative indication for thoracomediastinal plication in all patients, broncho- 
pleural fistula was found at the time of surgery in 13 patients, pleurocutaneous 
fistula in 10, and bronechopleural cutaneous fistula in 9. 

Hemolytie Staphylococcus aureus were cultured from the empyema in 24 
patients and other pyogens in 4 additional patients. Tubercle bacilli could be 
cultured from the empyema space in 17 patients. Both tubercle bacilli and 
pyogenic bacteria could be recovered from the empyema in 13 patients. In 
only 3 patients could no organisms be isolated preoperatively. 


RESULTS 


Primary healing of the empyema and associated fistula occurred within 7 
days after the use of thoracomediastinal plication in 28 patients. Delayed heal- 
ing occurred in 5 patients with either serous or purulent drainage exuding from 
the areas formerly occupied by the rubber tissue drains. In 3 of these 5 pa- 
tients, the drainage stopped within 3 weeks and in only 2 did the drainage per- 
sist for 6 and 20 weeks, respectively. In 1 of these 2 patients, a right thoraco- 
mediastinal plication was done on Oct. 30, 1953. This patient was the sixth pa- 
tient treated by this procedure. Bronchopleural fistula and empyema had fol- 
lowed resection of the right upper and middle lobes for tuberculosis. The prin- 
ciple of suture obliteration of the subscapular space had not been recognized at 
that time and this area was only drained. The subscapular space infection was 
controlled by conservative measures and the sinus closed in 6 weeks. This pa- 
tient died 1 year later following left extraperiosteal plombage. Autopsy demon- 
strated the bronchopleural fistula, empyema, and subscapular space to be closed. 

The second patient with prolonged drainage was treated by a left pneu- 
monectomy for an unknown lesion 30 months prior to admission. Thoraco- 
mediastinal plication was done to correct the empyema and bronchopleural fis- 
tula with suture obliteration of the pleural space at all levels except at the 
diaphragm. Primary healing of the wound occurred. One month postopera- 
tively, the patient developed signs of an incisional abscess which was drained. 
Communication of the tract with the pleural space at the level of the diaphragm 
was shown by contrast medium. The fistula closed without additional surgery 
16 weeks later. 

Thoracomediastinal plication failed in a man with a post-resectional bron- 
chopleural cutaneous fistula on the left anterior chest wall 1 em. below the 
clavicle. A 5-rib thoracoplasty had failed to close the bronchopleural fistula and 
empyema. A modified thoracomediastinal plication was done through an an- 
terior incision. Inadequate exposure and atrophy of the pectoralis major muscle 
prevented satisfactory closure and suture obliteration of the bronchopleural cu- 


taneous fistula and empyema. 
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One of the 35 patients died 3 days following thoracomediastinal plication. 
This woman, with tuberculosis, had a right upper lobectomy in 1950, a 3-stage 
7-rib thoracoplasty in 1956, and a right pneumonectomy in 1957, all followed 
by brenchopleural fistula and empyema. Thoracomediastiaal plication was done 
in August, 1957. Spread of tuberculosis to the left lower lobe occurred despite 
the presence of organisms susceptible to the drugs she was receiving. She died 
on the third postoperative day. Autopsy showed the empyema eavity to be 
obliterated and the brenchus closed. 





A. B. 


Fig. 6.—A, A 38-year-old man with pulmonary tuberculosis treated by right plombage in 
1954. Left upper lobectomy in May, 1957, was complicated by empyema, subscapular space 
infection, and bronchopleural cutaneous fistula. After a left 6-rib thoracoplasty in January, 
1958, hemolytic staphylococcus and tuberle bacilli were grown from the fistula. Preoperative 
i breathing capacity was 46 liters, or 33 per cent. 

Thoracomediastinal plication done on Sept. 16, 1958. All drains out and wound com- 
ual healed after 7 days. Sputum became negative for tubercle bacilli. 

Most of the 35 patients with empyema associated with fistula had a marked 
reduction of ventilatory function. Two patients had preoperative maximal 
breathing capacities of 24 and 26 per cent. Seven patients had maximal breath- 
ing capacities between 30 and 39 per cent (Fig. 6, A and B), while the remainder 
‘anged from 40 to 100 per cent. Postoperative examination of the maximal 
breathing capacity, usually done 3 months after surgery, showed a 1 to 15 per 
cent reduction below the preoperative levels. 

Obviously, thoracomediastinal plication is not designed to remove diseased 
lung in the patient with tuberculosis. It is designed to correct the broncho- 
pleural or pleurocutaneous fistula and empyema which, however, fortuitously 
might be the source of positive sputum (Fig. 7, A and B). Should the positive 
sputum originate in parenchymal disease, a resectional procedure ean be done 
later to remove the disease-bearing tissue through a clean field. Subsequent 


pulmonary resection has been done in 2 patients included in this study. 
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B. 


Fig. 7.—A, A 46-year-old man with pulmonary tuberculosis. After resection of the apical- 
posterior and anterior segments of the left upper lobe and superior segment of the left lower 
lobe, empyema and bronchopleural fistula occurred. Injection of anterior thoracotomy tube 
with contrast material shows the empyema along the posterior wall of the left pleural space 
and communication with the superior bronchus, left lower lobe. 

B, After removal of the posterior portions of the fourth, fifth, and sixth ribs, closure of 
the bronchopleural fistula, decortication, and suture obliteration of the empyema and subscap- 
ular space. Wound healed promptly. Sputum became negative after thoracomediastinal plica- 
tion. 
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DISCUSSION 


Thoracomediastinal plication is a procedure utilizing the accepted surgical 
principles of incision, external drainage, and obliteration of an infected space. 
After excision or closure of the fistula, obliteration of the empyema is ac- 
complished by resection of those ribs overlying the empyema pocket and by 
excision of the dense fibrous tissue making up the parietal wall to allow suture of 
the parietal to the visceral surface, be it lung or mediastinum. Drainage is ac- 
complished by the use of two or more Penrose drains extending from the area 
of infection to the skin but not into the collapsed empyema space. 

While the planned wide incision of empyema may seem contrary to the ac- 
cepted treatment of empyema, the favorable responses to decortication have 
established that ablation of the empyema wall and obliteration of space will 
allow primary healing despite the presence of infection. Following pulmonary 
resection complicated by empyema and fistula, when either no lung remains or 
nonexpansile pulmonary tissue is present, decortication is not possible. Resection 
of the remaining pulmonary tissue with or without thoracoplasty may represent 
far too extensive surgery for these patients and often results in exacerbation 
of the infection. Thoracomediastinal plication with obliteration of the space 
by rib resection and removal of the infected tissue is similar to decortication but 
more effective by virtue of the active suture obliteration of the infected space. 
Subscapular space infection must be avoided for this ean lead to failure of 
the procedure. When a subscapular space is produced, this must be obliterated 
by the suture of the serratus anterior muscle to the depressed chest wall. At- 
tachment of the serratus anterior muscle to the chest wall has not resulted in 
limited motion of the upper extremity.’ Physiotherapy, started after healing 
is complete, has been used in all patients. 

For the successful accomplishment of thoracomediastinal plication, it is 
wise, after the development of an empyema, to wait for sufficient fibrous tissue 
to be produced on the mediastinal wall or pulmonary surface in which to anchor 
the mattress sutures used to obliterate the empyema. Too early use of this 
surgical technique or too vigorous removal of the visceral wall of the empyema 
can produce an inadequate base for these sutures. Some of the delayed closures 
of empyema in these patients certainly resulted from disregard of this principle. 

Preoperatively, cultures taken from the empyema for pyogenic and other 
organisms should be studied for antibiotic sensitivities and the patient placed on 
antibiotics to which the organisms are susceptible. Failure of thoracomediastinal 
plication occurred in 1 patient infected with tubercle bacilli resistant to the 
major drugs used in treatment of tuberculosis. Two minor drugs to which the 
tubercle bacilli were susceptible were given before and after operation. Both 
this and the use of an anterior thoracic incision probably contributed to the 
surgical failure in this patient. 

Correction of the empyema by this procedure can be done in patients with 
markedly depressed pulmonary ventilation. Usually the maximal amount of 
respiratory depression has resulted from the empyema and is aggravated by the 
presence of fistula. The dense empyema wall provides mediastinal rigidity, 
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despite the resection of ribs, and helps to prevent paradoxical motion of the chest 
wall. One half of the patients presented had maximal breathing capacities below 
50 per cent and were able to tolerate this procedure with only a slight early 
postoperative depression of ventilatory function. 


CONCLUSIONS 


1. A surgical technique has been described which has been used in the treat- 
ment of chronie empyema associated with bronchopleural fistula or pleurocu- 


taneous fistula. 

2. Thirty-five patients have been treated with this technique between 1953 
and 1959 with one failure and one early postoperative death. 

3. Primary healing of the empyema, bronchopleural fistula, or pleurocu- 
taneous fistula occurred in 80 per cent and delayed healing in 14.3 per cent of the 


patients. 
4. Follow-up from 1 to 7 years has failed to show reactivation of the pleural 


infection in these patients. 
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BRONCHOSCOPY UNDER GENERAL ANESTHESIA 


Frank A. Rogers, M.D.,* and Karl S. Erhardt, M.D., 
Los Angeles, Calif. 


RONCHOSCOPY has rightfully become a common diagnostic procedure.  A\l- 
though there have been added refinements in instrument design, such as 
lens systems and aperture variations, the techniques employed and the apparatus 
used remain basically simple. It is still the custom, however, to perform bron- 
choseopy under local, topical anesthesia. For the patierit this is an unpleasant 
and, at times, an extremely difficult procedure to tolerate. Experience with 
approximately 200 patients who have had diagnostic and operative bronchoscopy 
carried out under general anesthesia in the past few years leads us to believe 
that this may be the preferred method of management. 

Several advantages accrue from examination under anesthesia. Chief among 
these is the marked relief of the patient from the gagging, coughing, and occa- 
sional pain that may accompany the usual bronchoscopic examination no matter 
how skillful the operator. Instead of enduring these unpleasant effects, the 
patient under general anesthesia can be completely relaxed and asleep for the 
short duration of the procedure. Under general anesthesia, the fear, discomfort, 
and occasional mild trauma are eliminated for the patient. Perhaps the greatest 
value obtainable with the patient asleep is the excellent examination that is 
possible. A more detailed view of mucosal lesions and branch bronchi is achieved. 
Biopsies can be taken with greater care and certainty, and, when endobronchial 
bleeding does occur, it is easier to manage. Bronchial washings are also per- 
formed in a more thorough manner. Furthermore, repeat bronchoscopies can be 
done when indicated with a good deal less hesitation on the part of both phy- 
sician and patient. A last but nonetheless significant advantage is the avoidance 
of the infrequent but dangerous toxic reaction to a local anesthetic agent. A 
recent cardiac arrest in a young woman during the induction of topical anes- 
thesia for bronchography in this area emphasizes this factor. 

With the patient relaxed and asleep, the search for the source of unex- 
plained hemoptysis or.for bronchial plugging in postoperative atelectasis is made 
easier and more effective. Reitman,! with whom we find concurrence, outlined 
these same advantages in describing the use of orotracheal anesthesia for bron- 
choseopy in 1957. 

*From the Department of Surgery, Presbyterian Intercommunity Hospital, Whittier, Calif. 
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METHOD 


Our method of employment of general anesthesia for bronchoscopy can be 
summarized very simply. Preoperative medications are given 1 hour before the 
procedure. Demerol and atropine are administered in the usual proportions, 
depending on the size, age, weight, and general physical condition of the patient. 
He is brought to the operating room and placed in the position desired for 
broncheseopy. Anesthesia is induced with Pentothal sodium. Succinylcholine 
(Anectine) in 0.2 per cent solution is slowly administered for relaxation. The 
patient is hyperventilated for 3 to 5 minutes with 100 per cent oxygen and then 
intubated with a 4 or 5 mm. thin-walled Portex Magill endotracheal tube. After 





4-5 Magill tube 
\ 














Fig. 1. 


the bronchoscope has been introduced, the flow rates of 50 per cent nitrous oxide 
and 50 per cent oxygen are increased to 8 to 10 L. per minute and are varied 
depending on the escape of the mixture around the bronchoscope and endo- 
tracheal tube (Fig. 1). 

The heart is constantly monitored by a precordial stethoscope and a duo- 
trace cardioscope. Blood pressure and peripheral pulse are consistently checked. 
The anesthesiologist is alert for any abnormal electrocardial changes so that 
any indicated remedial action can be taken immediately. The patient is awake 
even before removal of the Magill tube and is talking and able to answer ques- 
tions as he leaves for the post-anesthetie recovery room. 


DISCUSSION 

These simple steps outlined briefly here have evolved over the past 6 years 
during which general anesthesia has been employed by us for endobronchial 
procedures. The use of the orotracheal tube has been a great addition to the 
management of anesthesia for bronchoscopy since it finally affords full control 
of respiratory exchange to the anesthetist. During the examination, the chest 
wall will be seen to rise and fall rhythmically as positive pressure is used. 
After removal of the bronchoscope, the endotracheal tube remains and respira- 
tion is assisted, if necessary, until the patient is responding and exchanging 
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adequately on his own. At this point further suctioning is done to clear the 
oropharynx and laryngotracheal areas and the tube is removed. In our experi- 
ence it has not been necessary to abandon any endobronchial procedure since 
this sequence of management has been employed. In 2 to 3 per cent of patients 
a mild to moderate laryngospasm or laryngobronchospasm may occur, usually 
just after removal of the bronchoscope as the patient awakens. This occurrence 
is managed calmly and effectively with the orotracheal tube already in place. 

Curare was never utilized during this total experience with general anes- 
thesia for bronchoscopy. Instead, the rapidly acting and effective succinyl- 
choline has been routinely given, usually from an intravenous flask in Y-tandem 
to another dextrose solution and through a carefully placed No. 18 gauge needle. 
The value of this muscle relaxant becomes fully appreciated as the endoscopist 
enjoys an unexcelled view of the epiglottis and relaxed laryngeal area. Insertion 
of the bronchoseope, parallel with and usually posterior to the tube, is made 
unusually easy and nontraumatic (Fig. 2). 

















Fig. 2. 


Of even greater significance is the remarkably short time required for the 
total procedure with the use of succinylcholine and brief-acting anesthetic agents. 
In contrast to the much longer, multi-motion procedures and equipment involved 
in bronchoscoping under local anesthesia, bronchoscopy under general anesthesia 
in the operating room can be done easily in less than 10 minutes. In cases other 
than routine inspection, such as those involving foreign-body removal, the length 
of time is increased only by the duration of the endoscopy. Because only mini- 
mal amounts of intravenous barbiturates and succinyleholine are given, the pa- 
tient still awakens promptly, yet without any memory of the procedure. 

This operation can be further facilitated by anesthetizing and broncho- 
scoping the patient on the operating room eart. We have not favored this, how- 
ever, because the operating table offers a flexibility in positioning that might be 
required should intubation prove difficult. 

General orotracheal anesthesia is as important and useful in pediatrie bron- 
choscopy as in other age groups. It is adaptable to all ages and chiefly requires 
only changes in premedication and anesthetic dosages. The sizes of bronchoseope 
and endotracheal tubes are scaled to the smaller size of the child’s larynx. While 
the general management of the younger child or infant is the same with this 
procedure, the greatest attention must be given to details of airway apparatus 
and careful dosage of agents. In the child under 8 years of age, the 4 and 5 mm. 
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bronchoscope takes up all remaining space in the glottic area left by the endo- 
tracheal tube. While this is an advantage in deterring the escape of excessive 
amounts of gas and oxygen, it also makes compression of the small No. 2 or No. 1 
Magill tube a possibility. For this reason the anesthetist must not only be 
constantly alert to this possibility but will select a tube firm enough to resist 
partially such compression yet be soft enough to guard against trauma. 

The problem of bronchoscopy in the infant is truly chiefly one of anesthetic 
management. In this age group, attention to ventilation techniques is brought 
to a sharp foeus because of the tiny, pliable, and easily obstructed air passages. 
The situation is often made critical because of the baby’s primary disease, which 
frequently has already produced reduction of normal respiratory exchange and 
brought on a general toxie reaction with fever and tachyeardia. For these in- 
fants all ancillary aids, such as venous cut-downs and cooling with thermal ex- 
change mattress, may be desirable. Because of these factors, as well as the 
expected short duration of anesthesia, no premedication is given and no intra- 
venous barbiturate is needed. A No. 0 Magill tube is placed after giving a small 
amount of sucecinyleholine, either by the intramuscular or intravenous route. 
Oxygen is given through the orotracheal tube as well as directly through the 
side-arm or the bronchosecope. A small amount of nitrous oxide may be required. 
For difficult endoscopy it may be necessary to withdraw and re-insert the bron- 
choseope if the constantly monitored pulse slows or becomes otherwise irregular. 


SUMMARY 


The use of general orotracheal anesthesia for bronchoscopy procedures has 
been most advantageous for us and our patients. We consider that the ease, 
safety, and rapidity afforded by the use of this type of anesthesia make the 
method superior to bronchoscopic procedures performed using surface anes- 
thesia on a wakeful and restless subject. Endobronchial viewing and allied 
procedures are made not only a great deal easier but can be more carefully and 
hence more thoroughly done, when the patient is asleep and quiet. The increased 
expense of anesthesia is more than offset by the advantages of increased safety 
and comfort to the patient, total time saved, the increased ease of endobronchial 
maneuvers in an unhurried atmosphere and the relative freedom from trauma 
and untoward reaction to topical anesthetic agents. This type of anesthesia has 
also become nearly routine for esophagoscopy for which it offers similar ad- 
vantages. Our experience of the past 3 years leads us to believe that this type 
of general anesthesia for endoscopy represents a worth-while improvement, and 
that it should become more generally used by physicians competent in the skills 
required. 
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